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ABSTRACT 


Because of their appetities for aphids and mites, 
ladybugs are now the subject of much research. The defen- 
Sive secretion of the ladybug Coccinella septempunctata 
has been found to contain the alkaloid coccinellin, to 
which has been asSigned structure 5. This compound is 


responsible forthe exceedingly “bitter “taste of ‘the “ladybug. 


There are certain similarities in stereochemistry 
between coccinellin and compound 15. The latter compound 
has been synthesized previously in these laboratories and 
certain aspects of that synthesis were employed in an 
attempted total synthesis of coccinellin. This work is 


deseribed in the farst part'-of the thesis. 


2,4,6-Collidine may be lithiated at the 2-methyl 
group and then alkylated with 8-chloropropionaldehyde 


diethylacetal to give 47. After acetal exchange to the 
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dimethylacetal this compound was treated with phenyl- 
lithium and the anion alkylated with acetonitrile to give 
61. Protection of the ketone (with concomitant acetal 
exchange) as the ethylene ketal gave 53 which was reduced 
to the all cis piperidine derivative 38 using sodium in 


iso-amyl alcohol. 


Hydrolysis of the protecting groups produced 
hemiketal 76 which was treated with pyrrolidine and acetic 
acid in tetrahydrofuran to produce keto-amine 81. The 
oxygen functionality was removed by thioketalization 
followed by desulphurization with Raney-Nickel to produce 
88b and the compound epimeric at C-6a. Amine 88b was 
oxidised with m-chloroperbenzoic acid to give the N-oxide 
to which has been given structure 92. It has not been 
possible to establish identity between 92 and natural 


coccinel lint. 


The second part of the thesis describes work 
directed towards the synthesis of bicyclic keto-lactam 17 
which is a potential precursor of luciduline 9. Concep- 
tually, 17 is available via internal Michael cyclization 
of 22. Several possible methods of synthesizing 22 


have been examined. 
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"Ladybug, ladybug, fly away home. 
Your house is on fire and your children alone’ 


The Coccinellidae (or ladybugs) have long been 
known for their appetites for plant pests such as aphids 
and mites.+ However the use of insecticides to control 
these plant pests resulted in little interest being shown 
im the coccinellids. The’ realization that insecticides 
are harmful to the environment in general has led, in the 
last decade or so, to tremendous developments in biological 
control. Thus the ladybugs are now the subject of much 
scientific research and a monograph by Hodek” describes 
the recent advances in the knowledge of this group of 


insects. 


All organisms are chemosensitive and all of them 
produce substances to which others can potentially respond” 
When the organisms belong to the same species the compounds 
responsible for the signals are the pheromones. These 
compounds which are very important for courtship and mating 
and other social activities among animals have been the 


: ; : 4 
subject of much intensive research and of excellent reviews . 
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Of equal importance to the lives of certain 
Organisms are those substances which carry information 
between organisms of different species. If two species 
coexist in harmony or they coexist in conflict their 
interactions seem to depend to a large extent on the 
chemical compounds which they produce. When two organ- 
isms exist in conflict the weaker of the species often 
uses defensive secretions to dissuade the stronger from 


attacking. 


Arthropods have most diverse and probably the 
best evolved chemical defences *. The chemical compounds 
used by these animals may be ejected in gaseous form or 
as a fine spray, simply ooze out as a liquid or they may 
be foams. However, it is of no consequence how the com- 
pounds are discharged, the predators have no doubt as to 
their meaning. The defensive compounds are not usually 
fatal, but they cause the predators sufficient discomfort 


to allow the attacked animal to escape. 


Unlike pheromones which are often produced in 
microgram quantities thus making isolation and character- 
ization difficult, the defensive secretions may be detected 
with relative ease since they are often strongly smelling 


and ejected in substantial amounts. Compounds which have 
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been isolated from arthropods and are claimed to be 
defensive subi tations vary in complexity from hydrogen 
cyanide or formic acid to terpenes, quinones and eave. 
laneous polycyclic molecules. For example, the secretion 
of the whipscorpion Mastigoproctus giganteous consists of 
84% acetic feid>) Work by Schildknecht, Wenneis, Weiss 

and Maschwitz° and by Meinwald, Meinwald and Eisner’ has 
demonstrated that the secretion from the millipede Glomeris 


marginata contains the two dialkyl-quinazolinones 1 and 2. 


N 1 R= CH3 
| 
CH; 


In 1971 Tursch and co-workers®?? published work 
on the chemical defenses of the common European ladybug 
Coccinella septempunctata L. When this insect is molested 
it releases droplets of orange haemolymph at its articula- 
tions. The ejection of this liquid by the insect provides 


it with immunity from predators, notably ants and birds. 


From a blend of 1600 insects, 135 mg of a colour- 


less crystalline compound, empirical formula C,3H,5NO, was 
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isolated. These workers coined the name coccinellin for 
this compound. From spectroscopic data they were able to 


Suggest either structure 3 or 4 for coccinellin. 
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A single-crystal X-ray ditfraction study of the 
hemihydrochloride of coccinellin showed that the compound 


possesses the structure Be, 


CH3 CH3 


[wn 
|o 


In addition to this compound, 10 mg of compound 
C1 3H,3N was isolated from the haemolymph. This latter 
compound was shown to possess structure 6, and the 


relationship between it and coccinellin was demonstrated 
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by reduction of coccinellin to this second compound, 
precoccinellin, by treatment with ferrous sulphate. The 
reverse reaction was accomplished using monoperphthalic 


acid. 


Tursch and co-workers® were able to. demonstrate 
that coccinellin is responsible for the bitter taste of 
the insect but not for its smell. The defensive utility 
of coccinellin was shown by the complete refusal of water 
containing 0.5% of the N-oxide by the ant Myrmica rubra. 
This concentration is much smaller than that of the com- 
pound in the haemolymph. It was shown that the ant can 
be dissuaded from attack without direct contact between 
the secretion and the mouth of the ant: a 2 mg quantity 
of coccinellin around their food prevented hungry ants 


from reaching it. 


Other work by Tursch and co-workers has shown 
that the haemolymphs of several related Coccinellidae 
Contain alkaloids of Similar,-skeleta. \ These are: listed 


in ‘lable ). 
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TABLE 1 


Species Alkaloid Name Reference 
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Propylaea 
quatuordecim— 


Propylein 
punctata co 
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11 


CHa 


Adalia 


\ 
n-C 
Ae 5H Adaline 12 
bipunctata L. 


Hippodamia 


Hippodamine 
Convergens H 


9 


13.14 


Convergine 


10 


13, 14 


In 1967 Ayer and Piers published the synthesis 


of dihydrodeoxyepiallocernuine, Eehpc 


This tetracyclic compound was synthesized by 


oxidation of alcohol 12 to the corresponding aldehyde 
which cyclized spontaneously under the reaction conditions 
to the desired tetracyclic compound. Compound 12 had been 
synthesized in such a way that the compound epimeric at 


C-S, 13,was produced as well. 
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Treatment of 13 under conditions identical to 
those used for the oxidation of compound 12 produced a 
mixture of compounds which were epimeric at C-9, 14 and 


iS 


The stereochemistry at all positions in the B, 
C and D rings of 15 is identical with that reported for 


coccinellin, 5, and precoccinellin, 6. 


Therefore it was decided to investigate the 
synthesis of precoccinellin and coccinellin along lines 
similar to those used for the synthesis of 11, 14 and 15. 
It was expected that certain aspects of the previous 
synthesis could be utilized most profitably. The synthesis 


of 11 started with 2,4,6-collidine, 16. 


It was shown that treatment of 16 with one molar 


equivalent of phenyllithium produced the carbanion at the 
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CH3~ 2 CH3 ee 
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CH3 16 17 


2-methyl and that this could be alkylated with a suitable 
alkylating agent to produce a compound such as 17. Treat- 
ment of this with a further equivalent of phenyllithium 
resulted in metalation at the 6-methyl, 18, and this could 


be alkylated with a suitable reagent. 


Thus at was,.expected that the collidine ring 
would serve as the A-ring in precoccinellin. As in 
dihydrodeoxyepiallocernuine all the asymmetric centres in 
the methyl-substituted ring are in the cis configuration 
and, as was observed in that synthesis, reduction via 
catalytic hydrogenation or dissolving metal should lead 
tomthistconfiguration satThesdésivredeskeletonyi19}thas aril 
the ring-substituents in the equatorial configuration and 
thus this should be the thermodynamically most stable pro- 


duct. Catalytic hydrogenation of aromatic systems usually 
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produces the compound resulting from all cis addition of 
hydrogen?®, Even though catalytic dehydrogenation- 
hydrogenation has been observed to cause isomerization at 
the carbon a to nitrogen in nitrogen heterocycles this 
generally results in the thermodynamically most stable 


ie, Dissolving metal reduction usually leads 


product 
to formation of the most stable product!” and thus either 
of the reduction techniques mentioned could be used to 


produce the required product. 


After elaboration of the side-chains, ketoaldehyde 
20, should be available (although probably only transiently). 
This compound would be expected to cyclize readily to 21 in 
a manner similar to that observed for the cyclization of 13 
to 14 and 15. It was expected that this product would be a 


mixture of isomers about the new asymmetric centre 2la, 21b. 
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The intermediate in the cyclization of 20 to 21 


would be expected to be 22 = 22a. 
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Cyclization from the bottom-side would result in 
compound Zla, the more stable product, whereas attack by 
the enolate from the top would produce the desired com- 
pound, 21b. Removal of the keto-functionality would then 
produce precoccinellin, 6, which could be oxidized with 


facility to the N-oxide, coccinellin. 
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In the synthesis of dihydrodeoxyepiallocernuine!> 
compounds 14 and 15 had been formed by oxidation of 


diaminoalcohol 13 with chromium trioxide in pyridine. 


The initial experiments deserrped in, this part 
of the thesis were directed towards the synthesis of a 
compound which could possibly be oxidised in a similar 
manner. Thus the first synthetic goal was the aminodiol, 
23. Oxidation could possibly form the ketoaldehyde 20 
which should cyclize to the tricyclic ketone 21 under 
the basic ‘reaction’ conditions. There are’ several recent 
examples of the condensation of aminoketones with aldehydes 
20,21,22 


under basic conditions For example, Hanaoka and 


co-workers? report the condensation of pelletierine, 24, 
with 6-bromoisovanillin 25 in aqueous sodium hydroxide 


in 76% yield. 
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H 
CHO Q 
Br_ H WN 
= a 
H OH Br 
24 OCH 3 . 
ze OCH3 


The synthesis of 13 proceeded from 2,4,6-collidine 
to the protected hydroxypyridine, 26. Transmetalation of 
this compound with phenyllithium in ether produced the com- 
pound of metalation at the 6-methyl group. This was shown 
by quenching the product with D0 and observing the nuclear 


magnetic resonance (nmr) spectrum of the resulting compound. 


RL 2 Z 
Se. gee OS 
0-7-8 Oo<>0 
28 
26 R=CH3 
av, R = CH2D 


The nmr spectrum of 26 shows a 3-proton singlet at 6 2.25 


for the 4-methyl and a further 3-proton singlet at 6 2.48 
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attributed to the 6-methyl group. The material quenched 
in D0 now shows a singlet at 6 2.48 integrating for just 
over 2 protons. Thus condensation of the lithio compound 
from 26 with acetaldehyde should lead to the alcohol, 28. 
Reduction of this to the substituted piperidine followed 
by. hydrolysis of the tetrahydropyranyl ether would lead to 
ao" As mentioned in the introduction it was expected that 
either catalytic hydrogenation or dissolving metal reduc- 
tion would lead to the desired stereochemistry in which 


all the substituents are in the equatorial configuration. 


Compound 26 ae mirenubed according to the condi- 
tions worked out previously!°. 2,4,6-Collidine was 
treated with phenyllithium in ether to form collidyllithium 
which is a deep blood-red colour. This anion was alkylated 


with allyl bromide to produce compound 29. 


Treatment of .29 with diborane in tetrahydrofuran 


(THF) followed by oxidation of the intermediate organoborane 
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with alkaline hydrogen peroxide gave the alcohol 30. 
Protection of the hydroxyl function was accomplished using 
dihydropyran in dimethoxyethane into which was bubbled an 
excess of dry gaseous hydrogen chloride. Thus 26 was 


formed in 50% overall yield from 2,4,6-collidine. 


Wibaut and Beets?> have described the synthesis 
of 31 via addition of bromoacetaldehyde diethylacetal 33 


to picolyllithium 32. 


32 my 


Wa CHO 
N~  SCH2Li ‘ 
33 HW 
31 


This successful addition of a relatively unacti- 
vated bromocompound (compared to allyl bromide) to the 
lithiated pyridine derivative led to a shortened and 
equally efficient synthesis of 26. 3-Bromopropan-1l-ol 
was protected as the tetrahydropyranyl ether by treating 
a benzene solution of the alcohol with excess dihydropyran 
and a few drops of phosphoryl chloride?*. A 95% yield of 
acetal was thus obtained and this was used to alkylate the 


collidyllithium. After distillation a 52% yield of 26 was 
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obtained. 


Transmetalation of 26 with phenyllithium gave the 
blood-red solution containing the collidyl anion and this 
was cooled to -78°. A ten-fold excess of acetaldehyde, 
dissolved in an equal volume of dry ether, was added drop- 
wise and,after stirring for 15 minutes,the reaction was 
quenched with water and worked up. The oil which resulted 
showed two spots on tle (alumina, chloroform). The two 
compounds were separated by chromatography over alumina. 
Elution with benzene gave the less polar compound which 
was identical with starting material (tlc, ir, nmr). 
Elution with ether afforded the desired alcohol, 28 in 
44% yield as a colourless oil, b.p. 165 - 168°, 0.2 mn. 
The ir spectrum (chloroform) shows absorption at 3360 en 
which is unchanged by dilution and is consistent with the 
intramolecular hydrogen bonding expected for this compound. 
The nmr spectrum shows a 3-proton doublet, J=6Hz, at 
6 1.25. Many attempts were made to improve the yield of 
this reaction, but the conditions quoted above led to the 
best yield of 28. "The poor yield of this’ aldol-type 


condensation is most probably due to the equilibrium shown. 
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CH= 
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No (Ds 3 —— 
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34 


Generally the equilibrium in a reaction of this 
type would be expected to be well over to the side of the 
more stable alkoxide ion. However the aromatic ring must 
impart sufficient stability to carbanion 34 such that 34 
and 35 are of almost equal stability. Evidence for such 
an equilibrium was provided by treatment of pure alcohol 
28 with phenyllithium followed by quenching with water, 
which produced an approximately 1:1 mixture of the alcohol 
and the dealkylated product, 26. Subsequent to abandonment 
of this approach feuse 7 o" described the use of ethereal 
solutions of anhydrous zinc chloride to favour product for- 
mation in aldol condensations. By analogy this method may 


be useful here to trap the product as the chelate, 36, and 


thus increase the yield of the alcohol. 


The alcohol, 28, was reduced using sodium in 


absolute ethanol to the substituted piperidine, 37. The 
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ir spectrum of this material in methylene chloride shows 
absorption at 3610 a (-OH) and 3250 cn” (-NH) and is 
devoid of absorption at 1610 and 1570 cm} (pyridine ring). 
Although various attempts were made, it was never possible 
to reduce the pyridine ring by catalytic hydrogenation. 

The protecting group in 37 was removed by stirring a chlo- 
roform solution with dilute aqueous hydrochloric acid 


for one hour. Thus diol 23 was formed as an oil. 


The ir spectrum of 23 in methylene chloride shows 
hydroxyl absorption at 3610 oe which is more intense than 
that of 37. Again the NH absorption appears at 3250 om 
The tle of 23 (alumina, 95:5 chloroform-methanol) shows one 
spot. The mass spectrum has a very weak parent peak at m/e 


229, the base peak appears at m/e 156 and there is an 


intense peak at m/e 170. 
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The structures below are assigned to these peaks. 


H 
HN , 


nedVetcl5é HO Me 170 


The triacetate of 23 was prepared using acetic 
anhydride in pyridine. This material is a viscous oil, but 
Since there are chiral centres at nitrogen and carbon-2 of 
the propyl side-chain, this is perhaps not surprising. The 
ir spectrum of this material shows amide carbonyl at 1635 
cm + and ester cacpony! at. 755 cmt, The mass spectrum 
shows a parent peak at m/e 355 (exact mass for C1 9Hz,NO. 
Caled. “S55.27559; meas. 555.2509), The nmr spectrum .dis- 
plays a well-defined doublet at 6 0.91 (J=6Hz) and an ill- 
defined doublet at 6 1.24 (J=6Hz). This latter signal 
is attributed to the side-chain methyl group and is pre- 
sumably untidy because of the adjacent chiral centre. The 
Signal attributed to the meenane proton of this chiral 
centre occurs as a multiplet centred at 6 4.84 and irra- 


diation at this point resulted in appreciable decoupling 


of the doublet at 6 1.24. 
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There is no direct evidence for the assignment of 
stereochemistry at the tertiary centres of the piperidine 
ring, but it was felt that the evidence from the previous 
synthesis?” was sufficient to expect that the required 
stereochemistry had been obtained. It was expected that 
the assigned stereochemistry could be proven at a later 


stage. 


With the desired piperidinediol at hand, many 
attemptsiweremade to oxidise this to the desired keto- 
aldehyde. The techniques which were employed are 


summarized in the following chart. 


Attempted Oxidations of 23 


Oxidant Reference 

1. Chromium trioxide-pyridine-acetic acid eae | 
2. Chromium trioxide-pyridine (complex) - 

methylene chloride (Collins) 28 
3. Chromium trioxide-pyridine (Sarett) ts 
4. Chromium trioxide-pyridine-methylene 

chloride (in situ preparation of Collins' 

reagent) 29 
5S. Silver carbonate-celite (Fétizon) 30 
6. Chromium trioxide-sulphuric acid-acetone 


(Jones) . 31 
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In all cases a complex mixture of products was 
formed (tlc). The basic material isolated from these oxi- 
dations showed little, if any, absorption in the carbonyl 
region of the ir spectrum. Thus it appeared that none of 


the desired compound had been formed. 


The failure of this oxidation-cyclization can, 
perhaps, be explained by considering the various routes 
which the reaction could have taken. Several possibilities 


are outlined below. 
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Since two sites were to be oxidised, the amount 
of oxidant used was twice that recommended for the oxida- 
tion of a primary alcohol to the aldehyde. This amount 
of oxidant must have resulted in overoxidation in some 
parts of the molecule - most likely aldehyde to acid, which 
may then condense with the amine to form amide. Since the 
desired ketone was subsequently shown to be a very unstable 
substance it is also possible that it was formed and 


subsequently further oxidised. 


The inability to form recognizable oxidation pro- 
ducts from the diol resulted in a different route being 
employed to reach the ketoaldehyde, 20. It was felt that 
a better route would involve an intermediate in which the 
required oxidation level of each functionality was already 
incorporated. Thus the immediate synthetic goal became the 


protected ketoaldehyde, 38. 
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2,4,6-Collidine was again the starting material 
but it was decided that the side-chain containing the keto- 
function should be introduced first. Wibaut and co-workers 
have done substantial work directed towards transforming an 
a-methyl group in a pyridine ring into just the side-chain 
that was desired here (compound 39). In all of their work 


the starting material was a-picoline, 40. Transmetalation 


of this compound with phenyllithium readily forms picolyl- 
lithium and this was reacted with a variety of compounds 
with the view of synthesizing 41. The results of these 


studies are summarized in the chart on the next page. 


Treatment of the pale with slightly more than 
one molar equivalent of acetyl chloride produced the com- 
pound of double-addition, 42, in quite respectable yield. 
This was avoided by adding a large excess of acetyl chloride 


to the picolyllithium in one portion and a 24% yield of 
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Alkylation of a-Picolyllithium 


Alkylating Agent Product Yield (%) Reference 
(CH,CO),0 41 16 32 
CH,COOCH.CH, Al not quoted a 
CHzCOC1 (large excess) 41 24 34 
CH,COC1 feqight excess) 42 34 34 
CHzCN 41 35 35 


desired compound was formed. The best conditions these 
workers found were those of the last entry in the chart. 
Alkylation with acetonitrile followed by acid hydrolysis 
of the resulting imine gave a 35% yield of desired ketone. 
These were the conditions used in the present synthesis. 
The low yield, thus expected in this step, predicated its 


use at the beginning of the sequence. 


Collidyllithium was formed in the normal way and 
was alkylated with a ten-fold excess of freshly distilled 
acetonitrile. After stirring at room temperature for one 
and a half hours the reaction mixture was treated with 
excess dilute sulphuric acid. Work up followed by distil- 
lation at 105 - 109°, 4.5 mm gave a 34% yield of the desired 
ketone as a yellow oil. The ir spectrum of this oil as a 


thin film shows a carbonyl peak at 1720 ony However it 
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also shows absorption at 1655 cm”! and weak absorption 
at 3400 cm +. These peaks can be explained by an equi- 
librium between the keto and the enol forms of this com- 
pound. The enol form is stabilized somewhat by intra- 
molecular hydrogen bonding between the lone pair of 


electrons on the nitrogen atom and the hydroxyl hydrogen, 


43. The nmr spectrum in deuteriochloroform shows 3-proton 


Singlets jati6 2.20, i227 sand..2.48..) In addition there ‘are 
2-proton singlets at 6 3.83 and 6.87. There are very minor 
peaks possibly attributable to the enolic form and these 
peaks were intensified when a spectrum was determined on 
the neat compound. These peaks occur at 6 2.00, 2.22, 


2eAOs tS.22), ted 8 cand 1602:7. 


When the ketone was converted into the ketal 44 
by treatment with ethylene glycol and p-toluenesulphonic 


acid in refluxing benzene under a Dean-Stark trap the nmr 
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spectrum lost all the minor signals attributed to the enol 
form. The spectrum is now clean and consists only of 
3-proton singlets at 6 1.36, 2.26 and 2.48 with a 2-proton 
Singlet at 6 3.06, a 4-proton singlet at 6 3.89 and 
l-proton singlets at 6 6.83 and 6.96. The ir spectrum 
(neat film) is devoid of signals at 3400, 1720 and 1655 


1 


cm”), and there is a new intense peak at 1045 cm (C-O 


stretch). 


In an attempt “to“introduce the other side-chain, 
ketal 44 was treated with phenyllithium and to this mix- 
ture was added allyl bromide. The resultant oil displays 
an nmr spectrum in which the peaks due to the ketal and 
the adjacent methyl group at 6 3.89 and 1.36 respectively 
are not present. Thus, it appears that the phenyllithium 


attacked the kétal. 


Heathcock, Ellis and Badger have reported>° that 
the ethylene ketals of cyclopentanone and cyclohexanone 
are attacked by isopropyllithium or t-butyllithium. The 
products of the reactions are the result of attack of 
alkyllithium on the ketone, generated by E, elimination 
of the enolate of acetaldehyde from the ketal. Therefore 
the result observed in the reaction of 44 with phenyllithium 


is not surprising. 
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In order to prevent this reaction the ketone was 
protected using 2,2-dimethyl-1,3-propanediol to form ketal 
45 which shows a 6-proton singlet at 6 0.95, a 4-proton 


Singlet at 6 3.60, a 3-proton singlet at 6 1.40 and a 


2-proton singlet at 6 3.18 in the nmr spectrum. 


A 
u 


Io 1 
A 
fl 
e) 


This ketal was treated with 1 molar equivalent of 
phenyllithium and a portion of the lithiated compound was 
quenched with D0. The nmr spectrum of this material shows 
decrease of the signal due to the methylene attached to 
pyridine. The singlet at 6 3.18 attributed to this group 
now integrates for approximately 1.1 protons. The increased 
acidity of the protons at this methylene, as compared to 
other molecules in this series, may be attributed to the 
presence of the two electron-withdrawing oxygen atoms in 


the ketal. 


This disappointing result made it necessary to 
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introduce. the other functionality first. As it was felt 
desirable to include the required oxidation level of each 
chain at an early stage, the commercially available 
8-chloropropionaldehyde diethylacetal was chosen as the 
starting material for the four-carbon chain. A preliminary 
reaction of this alkylating agent with collidyllithium 


gave approximately 45% yield of the alkylated collidine 47. 


ie “ae 
1 eebloereay 5 *s/ 
CH,CH,0 I ; 
47 49 
OCH,CH; 48 49 


It was felt that this could be improved by 
employing a better leaving group than chloride ion. For 
this purpose iodide ion was chosen. After purification, 
this alkylated product would be treated with phenyllithium 
to generate the anion at the 6-methyl group. As the diethyl 
acetal may undergo 8-elimination similar to that already 
observed for the ethylene acetal it was decided that the 
acetal should be exchanged to one which would definitely 


be stable .-under the reaction conditions. Thus the first 
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alkylating agent chosen was 48. 


This was prepared from 8-chloropropionaldehyde 
diethylacetal by first exchanging the acetal using 
2,2-dimethyl-1,3-propanediol. The chloroacetal was then 
dissolved in acetone and treated with a large excess of 
Bee alet ion of sodium iodide in acetone”’ to give the 
desired compound in 75% yield. Reaction of this iodo- 
acetal with collidyllithium gave an almost quantitative 
yield of the desired alkylation product, 49. Before 
further elaboration of the molecule it was decided to 
prove that the aldehyde could be generated from this 
acetal when desirable. The methods attempted were treat- 
ment of a chloroform solution with 10% aqueous hydrochloric 
acid; treatment of an acetone solution with 20% aqueous 
hydrochloric acid; treatment with chloral (to exchange the 
acetal to chloral acetal); treatment with 100% sulphuric 
acid and ether’; and treatment with 40% hydrobromic acid 
in acetic acid. In the first three methods no reaction 


was observed and the latter two gave rise to dark polymeric 


products. 


Despite the lack of success with the hydrolysis 
of the acetal, it was decided to continue the proposed 


route with 49 to verify that the route would be viable 
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when a less stubborn acetal was used. Thus 49 was treated 
with phenyllithium and the anion so produced was treated 
with acetonitrile employing the same reaction conditions 
as were used forthe synthesis of 39. The crude product 
was a mixture of starting material and desired product in 


approximately equal amounts (by nmr). 


Both these compounds are high boiling oils and 
it was impossible to separate them by distillation. It 
was also impossible to separate them by chromatography 
since they have polarities on alumina only slightly dif- 
ferent from one another. Thus it became necessary to 
convert one component of the mixture into a compound of 
a substantially different polarity thus facilitating 
chromatographic purification. Also, the original com- 
pound must be readily regenerated from the new compound. 
Conversion of the ketonic component to its oxime was the 
method chosen. The mixture was treated with hydroxylamine 
hydrochloride in 95% ethanol containing pyridine and the 
resulting 011 was dir Ole Bee-an wed on alumina. Elution 
with ether gave starting material (ir, nmr) and elution 
with chloroform-methanol (94:6) produced the acetal-oxime 


sl a5" a colourless O17. 
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The ir spectrum of the oxime (chloroform) displays 


eeCNOL)) 1665 vem. 


absorption at 3580 and 3290 cm (C=N) 

and at 1610, 1570 cmt (pyridine), and is devoid of signals 
in the carbonyl region. The nmr spectrum (CDC1.) in addi- 
tion to the signals for the remainder of the molecule dis- 
plays a singlet integrating for 1.5 protons at 6 3.67 and 
one at 6 3.08 for 0.5 protons. These peaks are assigned 

to the methylene group adjacent to the oximino carbon, with 


the two peaks originating from the E and Z isomers of the 


oxime. 


The ketone 50 was regenerated from the crude oxime 
by dissolution in acetone-water (2:1) and treatment with 20% 
aqueous titanium trichlonidest: Thus a 37% yield of ketone 


(57% based on recovered starting material) was obtained. 
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The ketone was protected using ethylene glycol 
(1 ml per g. of ketone) in benzene with p-toluenesulphonic 
acid as catalyst under a Dean-Stark trap. The ir spectrum 
of the ketal 52 is devoid of absorption at 1715 cm}, 
The nmr spectrum displays methyl singlets at 6 0.72 and 
1.19 (dioxan) and a singaed at 6m3i93eintegrating «for 


4 protons attributed to the ethylene ketal. 


On one occasion, a larger excess of ethylene 

glycol was used (3 ml per g. of ketone) and the tlc (alumina, 
chloroform) of the product showed a spot for the desired 
product, 52, accompanied by a less intense spot due to a 
Slightly more polar compound. The mixture was separated 

by chromatography over alumina. Elution with benzene gave 
the product identical by nmr, tlc, ir with 52. Elution with 
ether gave the more polar fraction. The ir spectrum of this 


L 


oil shows no peaks at 1130 and 1090 cm (characteristic of 


the 1,3-dioxan moiety) but does show intense absorption at 


(C-O). The nmr spectrum displays no absorption 


1045 cm 
for the methyl groups of the dioxan ring, but shows a mul- 
tiplet at 6 3.90 integrating for 8 protons for the ethylene 
ketal. The mass spectrum shows a parent peak at m/e 307 


with strong peaks at m/e 221, and m/e 207. The base peak 


is at m/e 87. 
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These spectra are consistent with 53 for the 
structure of this compound. This compound must have arisen 
by exchange of the acetal function with the large excess of 
ethylene glycol employed in the reaction. It is thought 
that after a little more work, to optimize conditions for 
exchange, this method could be employed as a general method 
for the hydrolysis of acetals apparently too stable for 
direct conversion to the aldehyde. At this time the work 
with an alternate.acetal was well under way, so this 


possibility was not investigated. 


The other acetal chosen as precursor for the 
aldehyde side-chain was 8-iodopropionaldehyde dimethyl- 
acetal, 54. This was synthesized from the chlorodiethyl- 
acetal in two steps. First Finkelstein reaction exchanged 
the halogen to iodine. In this reaction it was found 


necessary to add a small amount of solid sodium carbonate 
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to ensure that basic conditions prevailed. On the first 

two occasions on which this reaction was attempted an 
excellent yield of acetone diethylketal was obtained. The 
crude product of this reaction was dissolved in dry methanol 
and p-toluenesulphonic acid was added as catalyst. Work up 
afforded the desired compound as a colourless oil in only 
50% overall yield. The poor yield of these reactions is 
attributed to the volatility of the products resulting in 
loss of material during removal of solvents. The iodoacetal 
was used to alkylate collidyllithium in the usual manner and 
an overall yield of 40% of desired compound, 55, (from 
chlorodiethylacetal) was observed for these transformations. 
This yield is comparable to that previously observed 

for the direct alkylation of collidyllithium with the 
chlorodiethylacetal. It was expected that the acetal func- 
tion of the product from that reaction, 47 could be 
exchanged in high yield. Therefore it did not appear to be 
advantageous to proceed with the route via 54. Thus the 
alkylation of collidyllithium with 8-chloropropionaldehyde 


diethylacetal was investigated thoroughly. 


The alkylation was performed in the usual manner, 
but the mixture was allowed to stir for 10 hours in order 


that the reaction might reach completion. This alkylation 
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is very much slower than that for the corresponding iodo- 
acetals. In the latter case it was necessary to add the 
acetal solutions very slowly because of the highly exo- 
thermic reaction with the collidyllithium, the blood-red 
colour of the solution disappearing within half an hour. 
The alkylation with the chloroacetal was very mildly exo- 
thermic and even after 10 hours the solution was still 
blood-red. After work aps the crude material was distilled 
and the desired compound, 47, was obtained as an oil 
boiling at 120 - 124°, 1.2 mm. A higher boiling fraction 
was obtained with boiling point 170 - 174°, 1.2 mm. The 
nmr spectrum of this material (CDC1.) displays triplets 

at 6 4.42 (J=5Hz) and 4.50 (J=5Hz) integrating for a total 
of 2 protons. There is a singlet for slightly less than 

3 protons at 6 2.45 and another for slightly more than 

3 protons at 6.2.25. Each Signal of the triplet due to the 
methyl groups of the ethylacetal is split into a doublet. 
These characteristics are consistent with a mixture of 
dialkylated products 56 and 57. From the intensities of 
the ring methyl groups this is approximately a 3:2 mixture 
56:57. The mass spectrum shows no peak for the molecular 
ion (381), but has a large peak corresponding to loss of 


-OCH,CH, from this at m/e 336. A small peak at m/e 352 


iS 
resulting from loss of -CH,CH, is also observed. 
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The dialkylated products must arise because the 
Slow alkylation allows sufficient time for equilibration 
of the collidyl ions with alkyldted material. jt ts 
interesting to speculate on whether compound 56 could be 
synthesized exclusively, because this compound can poten- 
tially lead to the goal of the synthesis, coccinellin. 
In 1960 van Tamelen reported the reaction of 58 with 
periodic acid at pH 5 to give the quinolizidine 


derivative eae 


OH CHO CHO 
HO . 
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This reaction presumably proceeds via oxidation 
of the vicinal diol to Phe tices o9, WHEch, cyclizes 
under the reaction conditions. Reduction of the pyridine 
ring of 56 and hydrolysis of the acetal functions should 
lead to a dialdehyde very similar to 59, which should lead, 
a’ priori, to a tricyclic compound, deformylation of which 
ouad give the required tricyclic amine. However this 


possible route has not been investigated. 


CHO 


H 
§ 


The diethyl acetal 47 was transformed into the 
dimethylacetal using dry methanol and d-10-camphorsulphonic 
acid. After distillation a 78% yield of 55 was obtained. 
This dimethylacetal was treated with phenyllithium and the 
anion alkylated with acetonitrile. The reaction was 
quenched with methanolic hydrogen chloride with the expec- 
tation that the dimethyl ketal would be formed directly. 


However in every case the ketone, 61 was obtained. The 


et 


apsifoyo i at ay fot 
onibting ody 0 nok ocniiell ‘iaiesuioks | ie 
biuode edottone? Tareas ort2 ao, Nghe is 
hes! blaome doietw 22 os “toblinie via | <i { 
dititw- Lo : naa Brvognes Setoyokt? 8 ot+. 
zit *evewslt aa sabeqokes boritpet sa ote 


| ii ae 
eat pst bomrotendis zn laa reset hae seca > 
siacdglivntosqnes- Of- Bb: ats. Lonsiitom verb gaia ¢ sialant 
abiorti a3do raw ce to bioiy: #8h 6 noidatliverb TOTIA bis 
oat bas metdteT Kyared¢ dtiw ‘woseans eew tntoostydsenth etat. 
a . ee noigoeo SAT” ott <finosepe. sie bodarylte no kas 
“dé ont ddiw ehixo fils wbgumbee oi Pemaitom tsk beriseup ; 
.Nbtoetkb bemrod sd pivow tadox la amily a3 sens morse 
sat. bantssdo sone «enone sah care ai vovewsl er 


40 


reaction was worked up by basification with triethylamine 

followed by washing with sodium bicarbonate, etc. so it 

is difficult to imagine that the ketone was formed by acid 
catalysed hydrolysis of the ketal. It appears, therefore, 
that the ketone must be formed by hydrolysis of a possible 


carbinolamine-ether type intermediate, 62 for example. 


OCH3 


The crude product was distilled and, after re- 
covered starting material (b.p. 92 - 100°, 0.1 mm), a 
fraction boiling at 150 - 157°, 0.1 mm was obtained. This 
fraction was shown to be an approximately 9:1 mixture of 
product and starting material and it was used without 
further purification in the next step. The total isolated 
yield of ketone was approximately 35% and recovered starting 
material was approximately 20%. There is a substantial 
residue from the distillation and the ir spectrum of this 
1 


displays a strong peak at 2160 cm The mass spectrum 
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of this material has large peaks at m/e 134 and m/e 121 
among the multitude of peaks present. This material was 


not investigated further. 


Despite the fact that this yield is comparable 
to those observed and reported previously in this discus- 
sion for alkylation of collidyllithium and derivatives 
with acetonitrile, it was felt that some effort should be 
made to improve on it. In addition to those already men- 


tioned, several other methods of alkylating collidyl- 


lithium to produce the desired methyl ketone were attempted. 


In an attempt to form the ketal directly collidyllithium 
was treated with triethyl orthoacetate in ether. The 
blood-red mixture was stirred at room temperature for two 
days then worked up. The crude product appeared to be a 
mixture of collidine and triethyl orthoacetate (tlc, nmr), 


i.e., no reaction had occurred. 


It is reported that N,N-dimethylamides can be 
used to form ketones in good yield on reaction with aryl- 
lithiums at low temperatures ’-. Thus acetal 49 was treated 
with phenyllithium and to the blood-red solution at -30° 
was added a solution of N,N-dimethylacetamide in ether. 


Work up produced an oil which contained approximately 15% 


desired ketone (nmr). 
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Ketones can be prepared from organolithium 
reagents by addition to the lithium salt of the appro- 
priate acid’?, Collidyllithium was prepared in the usual 
way and anhydrous lithium acetate was added but no detect- 
able reaction was observed. As it appeared that no other 
alkylation procedure was more efficient than that using 
acetonitrile, House's method of trapping aldol products 
25,206 


was investigated As already mentioned, the product 


is trapped as the zinc chelate, 63 for example. Following 


acd 
Pa R 
ROC Ce 
| l\ 
om 2 63 
‘anes rs 


addition of phenyllithium to dimethylacetal 55, a solution 
of anhydrous zinc chloride in ether?® was added. This was 
followed by acetonitrile. The product from this reaction 
shows no absorption at 2160 cm} in the ir spectrum, 
Distillation gave starting material (about 40%) followed 


by the desired product (about 40%), which 
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still contained a little starting material. The residue 
from this distillation is very small when compared to that 
from the reaction in which zinc chloride was not added. 

By analogy with House's chelate, the one involved here is 


probably 64. 


The methyl ketone (containing a small amount of 
55) was treated with ethylene glycol and p-toluenesulphonic 
acid in benzene under a Dean-Stark trap. The ketone was 
protected and, as expected, the acetal was exchanged, 


compound 53 being produced. 


er 
re) ee 


This compound was purified by chromatography over 
alumina, elution with benzene-ether (1:1) affording the 
ketal-acetal as a pale yellow oil. The nmr spectrum of 
this compound in deuteriochloroform shows 3-proton singlets 
at 6 1.36 and 2.28, an 8-proton multiplet at 6 3.90 and a 


l-proton triplet at 6 4.87 (J=4Hz). The ir spectrum 
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(methylene chloride) shows peaks at 1610 and 1570 cm) 


(C-O). The mass spectrum has 


(pyridine) and 1045 cm 
a very weak parent ion at m/e 307 with large peaks at m/e 
221 and m/e 207 and base peak at m/e 87. This material 

is identical with that obtained by acetal exchange of 52 


observed earlier. 


Reduction of 53 with sodium in iso-amyl alcohol 
gave an oil, the ir spectrum of which shows no absorption 
due to the pyridine ring but has a peak at 3340 cmt (NH). 
Tlc (alumina, chloroform) shows two spots, the more intense 
one being the less polar. Chromatography over alumina and 
elution with ether afforded the less polar material, while 
elution with chloroform gave the more polar. These com- 
pounds were obtained in a total yield of approximately 70% 


after chromatography in a ratio of about 7:2 (less polar:more 


polar). 


The less polar compound displays absorption in 
the nmr spectrum for a methyl group as a doublet at 6 0.90 
(J=5-9Hz). 6~cThere’ 1S a metnyl* Singlet at 0 1.35) an’ §-proton 
multiplet at 6 3.95 (ethylene ketal and acetal) and a 
l-proton triplet at 6 4.87 (J=4Hz) for the acetal proton. 
The mass spectrum has a weak parent peak at hye) Sis. Ine 


base peak occurs at m/e 198 and there is a strong peak at 


ah 


“eo OFRL Bie kon a adeog wore 
zed mutt soqm ah ARO-D) acs 
o\o ts 2deoy sonal dsae NOR: o\m prema) 
Leaiwodom abd 88 o\e jp ieeg oend | bas 08, ah 
$2 fo sunaiowe istoo8 xa bsitiasde salt dgiy 1 

eieay | 


i , va: 


a4 , 


= 7 


todoaie, Lyme ~oak aii thant tke 2a 20 saccade 
see on awolle. doddw Bp’ tures 99g ms aie 
Ay tS a, OM ts Akog & and tud gihs ‘ontbiayg 289 0 
senetnt oFont ait ,etoqge ows. awode (arioleroida 6 na nel 
bis snisuts vSevo edgntgosemordd »ralog ‘eeol itt eta: 
ok bw teitodten xéheq. gaol oxi pohvorte vedts dtiw m 
gto seat: -ralog: oxtim od avag oahorehas sin 
20% (losemixorgge 30° bisehy. fetes’ Bi at hoatetde ox9m 


eidmireiog te0t) $i hs Spode to. tail nk thaws goaamands 138s 
. re ; Tacs 


| 


fh, nok igroeds aigal or behaecrais Talo azo! “eit Cyu 
eyo" aa, te ak sae vow ots 
a aul ete e et ss eee 


. e182 7 
» Ce eu ie » i, I adeeie nonergt 
Awe Lys Bhs J 


45 


m/e 212. To these peaks are assigned structures 65 and 


66 respectively. These spectral characteristics are 


ee Co 
0 = = 
of af 
HNW HN 
4, 


consistent with the assignment of the skeleton shown in 38. 
As discussed in the introduction it was felt that chemical 
reduction of 53 would produce mainly the compound of 
greatest thermodynamic stability, i.e., the one with all 

the ring substituents equatorial (and therefore cis). The 
less polar material was formed in the largest amount and 
thus it was felt that this was the compound with the stereo- 
chemistry depicted in 38. As proof of this assignment a 

Ste nuclear magnetic resonance (cmr) spectrum of this com- 
pound was run. This spectrum shows lines for 17 carbon 
atoms in the completely decoupled spectrum*>?**, By making 
use of the off-resonance proton-decoupled spectrum it is 
possible to assign the lines to methyl, methylene, methine 


and quarternary carbons. The signals and their assignments 


are shown in the following chart. 
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si Signals of compound 38 

6 20.6 (CH, ) 6 34.0 (CH,) © 4503 (CH,) 6 64.7 (CH, ) 
71 Re (CH) 36.9 (CH, ) Bo ide (CH) G4 «8 (2x CH,) 
24.3 (CH,) roa ea | (CH, ) 56,4. (CH) 104.6 (CH) 


ipl. 5, (CH) 42.3 (CH) 64.4 (CH) 110.2 (C) 


These signals are assigned to the specific carbons 


as shown in the following structure, by correlation of the 


values quoted by Stothers’>, Levy and Ned'son . and 


\ O 31.5 
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4s 


Wenkert The shifts of the side-chain carbons were 


assigned by direct comparison with compound 68 reported 


by Wenkert’>, The shifts of the carbons of the piperidine 


+r CN 


ring and the 4-methyl group were assigned by comparison of 


the structural features with those in compounds 69 to 75, 


43,44 


the shifts for which are well documented The pre- 


cision with which additivity relationships can correlate 


136 shieldings of similar compounds is well known? 3244 | 


the 
thus it is felt that the following analysis is rigorous 
proof of the assigned carbon-shifts and therefore the 


stereochemistry depicted in 67. 
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Since the effect of atoms further than four bonds 


F : : 43,44 
removed from the atom under consideration 1S very small ~’ , 


the acetal side-chain can be considered as an n-butyl sub- 
Strtvent on C-2. The difference in shift of C-1-in 
n-butylcyclohexane, 75, and methylcyclohexane, 71, is 

4.3 ppm. The shift of C-1 in 73 (in which all the substit- 
mente are equatorial) is only 0.4 ppm removed from the C-1 
shift of methylcyclohexane, 71. Thus equatorial substit- 
vents at carbons} to C-1 have lattle effect on its shift. 
That this is also the case in substituted piperidines can 

be readily seen by comparing the shifts of C-4 and C-6 in 
piperidine 69 and Z-methylpiperidine, 725. Thus the signal 

ace C-2 in 67 should occur at.6,56.7'(52.4, from 72, plus 4.3) 
providing that the substituents at C-4 and C-6 are equatorial. 
Initially, therefore, it is assumed that the substituents 
are equatorial and the signal at 6 56.4 is assigned to C-2 
in 67. The methine at 6 53.2 is assigned to C-6 by exclusion. 
It is felt that the oxygen atoms 6 to this carbon cause it 
to be shifted dpfield, as is the case for C=2 of the butyl 
side-chain which is § to two oxygen atoms and one nitrogen 
atom. The methyl group at 6 22.3 is assigned to the C-4 
methyl group, and the methine at 6 31.5 to C-4 of the 


piperidine ring in the following way. 
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As already pointed out the shift of a carbon in 
a six-membered ring is only slightly affected by equatorial 
substituents at the 8-carbon atoms. This should be con- 
pared with the value observed in 74 (in which the substit- 
uent at one,.6é-carbon:is,axial).. Thus.one axial substituent 
at the 8-carbon causes an upfield shift of 6.3 ppm for C-1 


(this is the so-called y efgect 7" * 


)2, OTheishiet, for -C-4 
in 4-methylpiperidine, 70, is 6 31.3. Equatorial substit- 
uents at C-2 and C-6 should have little effect on this 
shift, but if one of these substituents was axial there 
should be an upfield shift of approximately 6 ppm for C-4 
resulting in a methine signal at approximately 6 25. Since 
the shift observed in 67;.1S 6 31.5 (the only other methine 
Signals occur at 6 53.2 and.56.4 and are attributed to the 


carbons a to nitrogen) the substituents at C-2 and C-6 must 


be equatorial. 


The aXial methyl group in 74 occurs at 6 19.5, 
an upfield shift of 3.9 ppm compared to an equatorial methyl 
group. Also the signal for the carbon bearing this methyl 
group has been shifted upfield 4.1 ppm. Thus an axial methyl 
group at C-4 in 4-methylpiperidine would be expected to result 
in a signal at approximately 6 18.5 for the methyl group 


and 6 27 for C-4 carbon. Since these two signals occur at 
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6 22.3 and 31.5 respectively in 67 (very close to the values 
observed for 4-methylpiperidine) the methyl group must also 
be equatorial. An axial methyl group at C-4 would also be 
expected to result in upfield shifts, of. the signals ,for .C-2 
and C-6 of the piperidine ring. As has already been noted 
the signals for these carbons are consistent with an 


equatorial substituent at C-4. 


Thus the signals of all these carbons are mutually 
consistent and can only result from a molecule in which all 
the substituents are equatorial. (The signals due to C-3 
and C-5 cannot be distinguished and thus they bear a star in 
67 to indicate that they may be interchanged.) Therefore it 
was felt that sufficient proof for the required stereo- 
chemistry of intermediate 38 was available and that the 


synthetic scheme could be continued with confidence. 


In addition to 38 a minor amount of more polar 
material was produced from the chemical reduction of 53. 
This shows one spot on tlc (alumina, chloroform). The mass 
spectra of this material and compound 38 differ only in 
the intensities Of Several peaks. “Thus it is felt that this 
material is isomeric with 38. The nmr spectrum shows a 
methyl doublet at 6 0.87 (J=6Hz), a methyl singlet at 6 1.33, 


an 8-proton multiplet at 6 3.97 and a poorly resolved 
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1l-proton triplet at 6 4.88 (J=4Hz). The methyl doublet is 
further split to a very small extent. The completely 
decoupled cmr spectrum of this material shows lines for at 
least 28 carbon atoms. Thus this material appears to be a 
mixture of at least two components and is probably epimeric 
with 38 at one or more of the chiral centres. This mate- 
wal was not investigated further. All attempts to reduce 
53 by catalytic hydrogenation were unsuccessful, starting 


compound being the only isolatable material. 


With the desired compound, 38, at hand, the syn- 
thetic scheme was continued by removal of the two protecting 
groups. This was accomplished using 5% aqueous hydrochloric 
acid and a colourless crystalline compound resulted. This 
compound is quite sensitive to heat, so it was necessary to 
evaporate the solvent at room temperature. The ir spectrum 
(methylene chloride) displays strong absorption at 3570 cm? 
(OH) and a characteristic intense doublet at 1060 and 
1040 cmt, The nmr spectrum (deuteriochloroform) shows a 
methyl doublet at 6 0.90 (J=6.5Hz), a methyl singlet at 
§ 1.43 and a l-proton multiplet at 6 4.02. The mass spec- 
trum has a parent peak at m/e 225 with the base peak at 
m/e 150 and large peaks at m/e 224 and m/e 207. These 


spectral characteristics are consistent with structure 76. 
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+-Z. 
+Z=— 


The peak at m/e 224 in the mass spectrum presumably arises 
by loss of the proton from the carbon a to both oxygen and 
nitrogen, resulting in an ion stabilized by both heteroatoms. 
The peak at m/e 207 must result from loss of water to pro- 
duce 77 which then undergoes further fragmentation to the 
base peak at m/e 150, 78. There is a metastable peak at 
m*/e 109 resulting from the fragmentation 207-4150. There 


are two possible conformations for the hemiketal, 79 and 80. 
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These conformations may be distinguished by making use of 


we So-called 


the observation noted by Bohlmann in 1958 
Bohlmann bands are exhibited by a conformationally rigid 
amine in which there are at least two hydrogen atoms on 
the carbons a to nitrogen which are trans-diaxial to the 
lone pair of electrons on nitrogen. These bands occur 
as moderate absorptions in the region 2600 - 2800 cnt 

in the ir spectrum. 80 has only one hydrogen atom a to 

the nitrogen atom which is trans-diaxial to the lone pair 
on nitrogen and thus this would not be expected to show 
Bohlmann bands in the ir spectrum. On the other hand, 79 
has three such hydrogen atoms and would be expected to show 
these bands. Further inspection of the ir spectrum of 76 
reveals that it does indeed show peaks at 2760, 2730 and 


2610 cm + and thus configuration 79 is assigned to this 


compound. 


When this compound was first isolated it appeared 
to sublime a little in the flask. In an attempt to accel- 
erate the process the material was warmed to 70°. After 
six hours only a very small amount of sublimate had col- 
lected. The ir spectrum of this material shows a small 
Afiount sof hemake tal (357051060, 1040%m *) but there is 
1 


a large peak at 1715 cm The substantial residue from 
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this attempted sublimation possesses an ir spectrum which 
is devoid of the signals characteristic of the hemiketal. 


1 


There is, however, a strong peak at 1715 cm (C=O) and 


: (C=C). The mass spectrum of 


a moderate peak at 1655 cm 
this material shows a parent peak at m/e 414 with a strong 
peak at m/e 357. .Thus it appears that the hemiketal readily 
dehydrates on heating to form the keto-enamine (MW = 207) 


which then dimerizes. Loss of 57 to m/e 357 is consistent 


with loss of the fragment ~CH,COCH,. 


47 have studied the formation of 


Leonard and Hauck 
derivatives of 2-piperideine and report that N-substituted 
piperideines tend to "'dimerize" readily. For example, 
attempts to Cova l-methyl-2-piperideine by mercuric acetate 
oxidation of N-methylpiperidine or by reduction of 1-methyl- 
2-piperidone (using lithium aluminium hydride or dissolving 


metal) all result in the isolation of the dimeric product 


shown. 
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Because of this apparent instability, the ketal 
was prepared when required and then used immediately in a 


subsequent step. 


Conceptually there are two possible ways which 
could lead from the hemiketal to the desired tricyclic-ketone, 
81. Treatment of 76 with base could form the alkoxide which 


could fragment to produce the ketocarbinolamine, 82. 
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Elimination of hydroxide to form the immonium salt may 
Sollow, and, if this; as theicase, this salt could be 
trapped by the enolate ion to form the desired ketone, 


61, as shown in Scheme [, 


Alternatively, conversion of the hydroxyl function 
he a good leaving group may give rise to a Grob type frag- 
mentation ’® leading a the Pee none in salt as shown in 
Scheme..1t.. .Cyclization..of the enol form of the ketone with 


the immonium salt would then produce ketone 81. 


Scheme II 
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Initially the hemiketal was treated with sodium 
hydroxide in aqeuous THF at room temperature then at reflux 
but on both occasions the only material isolated was iden- 
tical (tlic, in) with the starting material. Treatment. of 
76 with p-toluenesulphonic acid in refluxing benzene under 
a Dean-Stark trap led to an oil which consists of at least 
three compounds by tlc (alumina, chloroform). Chromato- 
graphy over alumina gave mainly material which appears to 


be dimeric by mass spectrum (peaks at m/e 414 and m/e 357). 


Spencer and co-workers?” have described the use 
of pyrrolidine and acetic acid in ether as a mild method 
for aldol cyclizations. It was felt that these conditions 
offered advantages for the case at hand. Examination of 
Schemes I and II reveals that both require base and acid 
catalysis at different stages. Thus these conditions should 
facilitate both processes. Treatment of 76 with one molar 
equivalent of pyrrolidine and two molar equivalents of 
acetic acid in ether at room temperature for 36 hours gave 
an’ oil° which ‘Contained starting material (ir, tlic). In 
addition tlc showed the presence of a less polar material. 
The ir spectrum of this oil shows absorption at 1725 cmt 
in addition to the peaks for starting material. A crude 


separation by preparative tlc (ptlc) removed the starting 


a2 | oe Kn, mh tha, 


aS 


msiboe dicw bossaxd ae Suis taunted eiaia te ‘rat 
xs ftor | +B nedd ood gee to07 as AUT, 
-aebt esw bétaloei Lekreg are ‘eit: ‘2 ai 


Ea 


Tsbay sfrosnod ak mt. bios <i 


.(TéE 9\m bas BLk s\n 1s shoe) sein 9 


seu oft bodtroeoh 9Vad Bf aces ‘bn ane) \ 
fjoem Bhim & 2s wedda aa bibs: aes Snibi ton 
hk ere g2ent tatty tod) shy yr ~ pire 
fo moLtsHimexd. . bred 7 sano itt 
"bias bis seed etiuper dsod oh 
binore a ata oeai? aud 


Tealom 90 dgtiw ay 
- 7 ne 

“Ay oy 

j 


= 


to saieilevtiipe TH Lon ond + ins anabigoney to dite te 
3 2tuod 86 Tot crib: iaqnas mou, 15 ee at bios ee ae | 


ai .(of3 424i) Ustreiaa aniiyese be 2 apidw the 1s A 
; ee! 1 A ee 
. fertstém tsLoq azeT B20 gonses7q: 88 bono of noltibbs 
8 7 


Rages esvl 8. nobtaqroeds ewosle fio 2 eigdd te ar TE ene ; 
 o3 nottibbs ak ~ x 


shua> A tna 1935 pnts aise ‘2, -, 
iq yd molsareqee 


gait retar esis: bovemet (ogee of3! ONIS RIOT 


ist 
: os 7 
= * ~ ; 
7 ‘ae a 
i" St 
; ; 
6 ry % i 
; ; ay) 
Pelee 7 7 f ee ’ en | 


59 


material. The resultant material has in the mass spectrum 
an intense peak at m/e 207 accompanied by impurities with 
higher molecular weight. Further attempts were made to 
purify this material by ptlc but the mass spectra of all 
the fractions displayed only very small peaks at m/e 207. 
Suspecting that this material was desired f-aminoketone 
St (MWi= 207), but that it jis unstable, it was decided to 
reduce the reaction mixture with sodium borohydride imme- 
diately following work up. In order to accelerate the 
cyclization the reaction with pyrrolidine and acetic acid 
was performed in refluxing THF for 24 hours. The crude 


material, which shows strong absorption at 1725 cm} to- 


gether with moderate absorptions at 2780, 2740 and 2600 cmt 
(Bohlmann Pardes") was dissolved in 95% ethanol and 

treated with excess sodium borohydride. The colourless 

0il so produced in 75% yield displays absorption at 3590 


(OH), 2780, 2740 and 2600 cm! 


(Bohlmann bands) in the ir 
spectrum. Tlc (alumina, chloroform-methanol, 20:1) showed 
two spots of very similar Re value. The nmr spectrum dis- 


plays a doublet at 6 0.88 (J=5Hz), with a poorly resolved 


douplec atc 1-02 (J*7 . Sita) . 


The mass spectrum shows a parent peak at m/e 209 


C1 3H23NO calcd. 209.1780; meas. 209.1792. . These spectral 
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characteristics are consistent with alcohols 83. Since this 
material is probably a mixture of as many as four stereo- 
isomers no attempt was made to obtain one or more of them 


pure. 


Ms0O: TsO 


When hemiketal 76 was treated with sodium hydroxide 
in ethylene glycol at 150° a 45% yield of material identical 
with 83 by ir, tlc and mass spectrometry was obtained. This 
product could arise by Meerwein-Pondorf reduction of the 
ketone?’ although no precedent could be found in the liter- 
ature for such a reduction in ethylene glycol. Alterna- 
tively, a crossed-Cannizzaro reaction” of ketone 81 with 
uncyclized aldehyde could result in reduction to 83. 

Johnson and co-workers?” have reported a similar reaction 
in which the decalone 86a was transformed into the decalol 
86b by reaction with sodium hydroxide in ethylene glycol 

at 150°. It was presumed that 86b was formed by a crossed- 


Cannizzaro reaction of the primary hydrolytic products, 
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trans-9-methyl-1l-decalone and furfuraldehyde. 


OH 


= 
jee) 
Oo 
rom 


A number of experiments were performed in an 
attempt to remove the hydroxyl group from this mixture of 
alcohols. Treatment with phosphoryl chloride and pyridine 
in ether (attempted dehydration) led to a dark brown gum 
the mass spectrum of which possessed no encouraging 


characteristic peaks. 


The mixture of alcohols was treated with p toluene- 
sulphonyl chloride in pyridine and the p-toluenesulphonate 
esters, 85, isolated”>. The ir spectrum (methylene chloride) 
is devoid of a hydroxyl absorption, but shows weak absorp- 


: (aromatic) and strong absorptions at 1355 


tion at 1600 cm 
and 1170 cm! attributed to the sulphonate ester. Tlc 
showed only a diffuse spot less polar than starting mate- 


rial. The mass spectrum displays a strong parent peak at 


m/e 363, with the base peak at m/e 192 resulting from loss 
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of the sulphonate group from the tricyclic moiety. It 

is reported that alkanes can be formed from reaction of 
sulphonates with lithium aluminium hydride (LAH)°4, Treat - 
ment of this material with a solution of LAH in ether at 
room temperature for 24 hours did not lead to reaction. 

The eee reaction in refluxing THF gave the alcohols 83 
(ir, tlc, mass spectrum). Since methanesulphonates are 
equally useful as leaving groups, the reduction procedure 
was attempted on this functionality. The methanesulphonate 
esters, 84, were prepared by treatment of the alcohols with 
methanesulphonyl chloride in methylene chloride with tri- 


ethylamine as catalyst”. The ir spectrum of this material 


(neat film) shows Bohlmann bands at 2780, 2740 and 2600 cn} 


together with sulphonate absorption at 1355 and 1170 cm}, 
The mass spectrum shows the parent peak at m/e 287 with the 
base peak at m/e 192. This material was treated with a 
solution of LAH in ether-THF (1:1) at room temperature and 
the product appeared to be alcohols 83 (ir, tic, mass spec- 
trum). The attack of hydride at the sulphur atom rather 


than carbon is a reaction which has been noted previously”°, 


Recently Masamune”! has described the use of a 
Cu(I) complex for the high yield reduction of methanesulpho- 


nate esters to alkanes. The reagent is prepared by addition 
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of two equivalents of a freshly prepared solution of 

lithium trimethoxyaluminium hydride in THF to one equiv- 
alent of cuprous iodide. The methanesulphonate is then 
added to the dark brown reducing agent. Utilization of 


these conditions led only to recovered starting material. 


These results led to a somewhat different approach 
to removing the oxygen functionality from the tricyclic 
compound. Ketone 81 was formed as before and the crude 
material was dissolved in 1,2-ethanedithiol with 1,2 equiv- 


ae Work up of the reac- 


alents boron trifluoride-etherate 
tion after four hours gave a thick oil with a sulphurous 
odour. The ir spectrum of the compound shows no carbonyl 
peak and is otherwise devoid of peaks characteristic of 
functionality other than C-H. The mass spectrum shows a 
parent peak at m/e 283 with a measured mass for G, Siena, - 
This material is a diffuse spot on tlc (alumina, chloroform) 
probably accounted for by the presence of two compounds. 


Thioketal 87 was thus formed in 50% overall yield from 


ketal-acetal 38. 


Desulphurization of the thioketal was accomplished 
using W2 Raney-nickel in refluxing ethanol. The tlc of the 
crude mixture (alumina, chloroform) shows predominantly two 


spots with distinctly different polarities. These compounds 
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should be 88a and 88b and they were separated by ptlc on 


alumina with chloroform as eluent. 


The less polar material shows intense Bohlmann 


bands at 2770, 2710 and 2600 cm 2 


in the ir spectrum. The 
mass spectrum displays a parent peak at m/e 193 with a 

very strong peak at m/e 192 (the base peak is at m/e 41). 
The nmr spectrum displays a methyl doublet 6 0.87 (J=5Hz). 
The intense Bohlmann bands are indicative of the conforma- 
tion shown in 89 for this compound. The fact that there are 


3 protons trans-diaxial to the lone pair on nitrogen is no 


doubt responsible for the strength of these bands. 


This amine was converted into the N-oxide 90 
by reaction with one molar equivalent m-chloroperbenzoic 
acid in chloroform?>. Work up by elution through a column 


of basic alumina with chloroform-methanol (3:1) provided 
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the N-oxide as pale yellow crystals, which were recrystal- 
lized from hexane-acetone. The mass spectrum of this mate- 
rial shows a parent ion. at m/e 209 (C, zH.zNO calcd. 209.1780 
meas. 209.1777) with an intense peak at m/e 192 (the base 
peak occurs at m/e 41). The nmr spectrum displays a methyl 
doublet at 6 0.91 (J=6Hz) and a 3-proton multiplet centred 

at 6 2.84 resulting from the methine hydrogen atoms on the 


carbons a to nitrogen. 


The completely decoupled cmr spectrum of this 
N-oxide (35 mg) displays only eight lines. The approximate 
intensities of the signals are given in parentheses and are 
as tollows: | 67/5 -0M (Ll), 75.5 (2), Sors~62)e-355.6(2), 
SOL Cl). 27k Ulieco 4 Ce), cle CLF Severed ‘of the 
signals are assigned as shown in the following diagram. 
Since the molecule is symmetrical there are five pairs 


of identical carbon atoms resulting in only the eight lines 
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observed. Wenkert reports?? that carbons a to an N-oxide 


are shifted downfield to a great extent compared to the 
amine and mentions one such compound in which the a carbon 
resonates at 6 69.6. The signals observed here are 


therefore expected. 


Structure 91 has been assigned to the more polar 
fraction from the desulphurization. The ir spectrum of 


material (neat film) shows no Bohlmann bands indicating less 
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than 2 protons trans-diaxial to the lone pair on nitrogen. 
The nmr spectrum shows a methyl doublet at 6 0.85 (J=6Hz) 
andita: S<preton multiplet, at,.6; 2.7, +> 3.1... The mass, spectrum 
displays a parent peak at m/e 193 (C, ,H,3N: calcd 195.1831; 
meas. 193.1825), an intense peak at m/e 192 and a base peak 


at m/e 41. These spectral data are consistent with structure 


91 for this compound. 


The N-oxide 92 was formed from this amine using 
the same conditions employed for the isomeric compound. The 
ir spectrum of this material in chloroform displays absorp- 
tion at 3550 and 2490 cm}, These can be explained by the 
N-oxide forming a hydrate, as is the case for natural coc- 
Cinellin. The nmr spectrum (deuteriochloroform) shows a 
methyl doublet at 6 0.89 (J=6Hz). The mass spectrum shows 
a parent peak at m/e 209 (C, zHzNO: calcd.4209. 1780: meas. 
209.1788) with base peak at m/e 192. 


The cyclization and following steps resulted in 
the formation of 89 and 91 in the ratio of approximately 2:1. 
When the cyclization of 76 was performed using azacyclo- 
heptane (rather than pyrrolidine) and acetic acid and the 
remaining steps performed as already described a ratio of 


approximately 1:1 was obtained. 


The amine 91 should be precoccinellin and the 
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N-oxide 92 coccinellin®. The publication describing the 
isolation of these compounds contains very little experi- 
mental detail or spectroscopic data. However, the chemical 
shifts of the methyl group in each compound are given. The 
quoted values are 6 0.96 and 6 1.00 respectively. The 
values obtained for compounds 91 and 92 in the synthesis 


ares 0). 8S and 6° 0V89 respectively. 


At this time a sample of natural coccinellin and 
several irispectra were’ received from Professor’ Tursch.”—The 
spectra sent were those of precoccinellin (film), coccinellin 
(KBridiusc)pand coccinellinvhydrochioride® (KBr disc)” The 
first spectrum is not very well defined, but could be used 
forscomparison. The, ir spectrum (neat, film) of 91 )is 
largely the same as that forwarded, but there are differences. 
Tursch's spectrum of coccinellin is poorly defined so an ir 
spectrum was run of the sample which he sent. Again the 
spectra of coccinellin and 92 bear striking similarities but 
they are definitely different. The hydrochloride salt of 92 
was prepared by dissolving a small amount of the compound in 
acetone and treating with two drops of 1N aqueous hydro- 
chloric acid. Evaporation of the solution gave the crude 
salt which was recrystallized from acetone. Again the 


spectrum of the synthetic material had slight dissimilarities 
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from Tursch's spectrum. The hydrochloride salt of the 
natural material was prepared in exactly the same fashion 
as for 92, but identity between this and synthetic mate- 
rial still could not be established. The N-oxide was 
recovered from both of these salts by elution through a 
hydroxide loaded strongly basic ion exchange column, fol- 
Terai by evaporation. The N-oxides show spectra which bear 


great similarities but are still not identical. 


The mass spectra of the natural material and 92 
were run sequentially and have identical peaks with iden- 
tical intensities except for the peaks at m/e 194 and m/e 
140 which are very slightly more intense in the spectrum 


of 92. 


Throughout the comparisons, tlc's of 92 and the 
natural material were run. The compounds show the same 
polarity on alumina when eluted with 95:5 chloroform- 
methanol, 80:20 ethyl acetate:methanol or 3:2:1 


acetone: benzene:methanol. 


An nmr spectrum was run on the remaining portion 
of natural material sent by Tursch. The spectrum displays 
a methyl doublet at 6 1.02 (J=6Hz) and a further doublet 


at 6 1322 (i=0Hz). 1c se possible, therefore, that this 
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material is a mixture. However, even if that is the case, 
the difference in the signals of the methyl groups in the 
HME spectra appear to point to.the fact that 92 is not 


identical with either one of the components of the mixture. 


At this stage an 11 mg sample of 92 was remaining 
and a cmr spectrum was attempted on this material. The com- 
pletely decoupled spectrum, although very weak, displays 
lines at 6 74.0, Sea ee a wrote 26h 27.4, 25,0. 2a 6. 


Og heel «on ose ne saenals quoted for coccinellin® 
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The lines in 92, which are underlined, are consis- 
tent with the signals in coccinellin, but there appears to 
be no signal corresponding to the one at 6 30.0 in natural 
coccinellin. At present the instrumentation employed here 
is not sufficiently sophisticated to be used with confi- 
dence to obtain a cmr spectrum on a sample size much less 
than approximately 0.5 mmole. Since the results quoted 
above for compound 92 were obtained on 0.05 mmole, not too 
much emphasis can be placed upon them. However, they are 
quoted to point out that there are certain similarities 


between the cmr spectra of 92 and natural coccinellin. 


The fact that it has proven impossible to establish 


identity between compound 92 and natural coccinellin has 


of 


,Seen oft ei tant ZL neve , Toran ‘% 
odd Gi aquong a stamgin, ome mt 


gon 2i $@ gad3, $3et ad, apatite we ae nage ot 2 
eturxia od? to einenogmes ads - on ors 


yoiniamat eew §¢ To ‘so Eqmse Re 1s. 
-mo> sit eit sen zeny 40" qn: 5: sid 
eyaiqerbh .jsow “rs? agua ty desea 
-@.BS .0v28 ATE (Behe 1 — aerate 


a ee 


“y ~ 


ith tee den oat be 4 


Sit fent sau Tod. 


-2benop ots Senilrobad ok skbe: Be 
og erases stent turd nd fi9nd $903 mb. 


tata on wr 0.08 3 tn “ono Pred pt soibonenae Haale 


o ted mene hese aotinhaamyt rena 63 m2 


oe: ae 
ine ijviw bees, sd of bareaiietdgoe 


geet. djzum osi2 sta an & {16 2a 
hasoup atiuags ads an 
ont tan shone 4000 To a 


‘Oxs yott  TayowoH! mods nogd. “baok: ; x 


“gett hrebimre NiBITSS o+B svSsite-d we 


“HEPLsnt2005 Teta sae ae Yo is 


71 


necessitated a review of the spectral data obtained for 
several compounds. The final amine and N-oxide, 91 and 92, 
clearly have the correct constitution (exact masses correct 


Ear C1 3H,N and C,,H,,NO respectively). 


LS 2p 


The isomeric N-oxade, 90, has spectral data com- 
pletely in accord with the proposed structure. Of great 
importance is the cmr spectrum of this compound. The ele- 
ment of symmetry present is proven by only eight lines (from 
13 carbon atoms) observed in the spectrum. The highest 
t¥e10 Sigvainin tils. specerum occurs at. 6 21.4, theretore 
the methyl group must be in the equatorial conformation. 

(An axial methyl group should result in a signal between 


fait opcaghs be tele hetaad 


Amine 89 (the precursor of 90) and amine 91 are 
both formed from the same intermediate, 76, which is in 
turn formed from acetal-ketal, 38. The analysis of the 
cmr spectrum of this compound confirms the equatorial con- 
formation of each ring substituent. The stereochemistry 
at these three positions is thus proven. Since there is 
no opportunity in later reactions for these centres to be 
isomerized this stereochemistry must be present in the final 
compounds. Thus different compounds can only result from 


different modes of cyclization of the intermediate enol 
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or enolate 95. ° As there are potentially two chiral centres, 


four compounds can initially arise. 


Cyclization from the top-side produces the skeleton 
of 89 and the isomeric compound formed by possible inversion 
at nitrogen. This inversion would result in one ring being 
a chair,with the other two twist boats. This conformer 
would have a very much greater free energy, therefore this 


molecule should exist solely as 89. 


Cyclization from the bottom-side results in 91 
and the isomeric compound formed by inversion at nitrogen. 
The inversion would result in two rings in the chair con- 
formation and one in a twist-boat. Again this should have 
much greater energy than 91 and thus the latter would be 
expected to be the only form of this compound observed. 
The complete lack of Bohlmann bands in the ir spectrum of 


91 is further confirmation of the assigned skeleton. 


' noteledte oats paren sbieg09 oe oe seed: . 


a) 


,zoustmes Patidd ows Yiter 


noreTsvar oldiegog rcs en. ; - A 
; i, th 
} 


gaisd anix 909 ‘nk styeer bis png, £ 
_' ‘Femteia93 zit? .2dead sibek ee ‘sdzo sds 
eids evoterel : gro” ae soanery foun on as 


{@ at aaluser. * ahske 0: of of re 
magortia 18 rorensvhe ppg wavs arma 
-105 tisdo ond. nt agnia ows i ah bigow no. Bay 
eyed .bivore aids. “nEBaA | 
9d biivow YorseL odd 2 
-bewrsade bangla laos 
“to seh cas i ait ae bas 


73 


The possibility that a compound containing a 
4-membered ring could be formed should be considered. 
However, this would result in a compound containing an 
ethyl group and no such functionality can be recognized 


in any of the nmr spectra of the products. 


The cmr of ketal-acetal 38 contains no spurious 
peaks, thus the possibility of impurities in this compound 
can be discounted. As 89 and 91 are formed in approxi- 
mately equal proportions via the route involving azacyclo- 
heptane, an impurity (if it did indeed lead to 91) would 
have to be present in 38 to a very considerable extent and 


would certainly give rise to prominent peaks in the cmr. 


These arguments all lead to the more polar amine 


having the structure depicted in 91. 
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Obviously there is some discrepancy between the 
results quoted here and those reported by Tursch. One pos- 
sible explanation is that the N-oxide formed from amine 91 
has an inverted nitrogen atom. This would lead to at least 


one ring being a.twist boat, 94. However, the greater free 


energy that would be associated with this molecule makes 


this seem unlikely. 


INR GonclUus iON. <Ut Si cceLte thatthe: structure of 
91 and/or 92 will only be verified unambiguously when an 
X-ray study is completed on a suitable derivative of one 
or both of them. As mentioned, the sample of natural 
coccinellin obtained from Prof. Tursch may have been impure. 
The results described here have been communicated to Prof. 
Tursch and it is hoped that further reference samples will 
be obtained shortly. It now becomes important to compare 
natural and synthetic material at the precoccinellin stage. 


Since the assignment of structure to 91 appears to be well 
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founded, failure to establish identity at this stage would 
suggest that the structural assignment of Tursch et al 


should be reexamined. 
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Bt Xt Fee OF MME ON RA OL 


Solutions were dried over anhydrous magnesium 


sulphate unless otherwise specified. 


Re value = distance moved by compound/distance 


moved by solvent. 


Melting points were determined on a Fischer- 
Johns or Leitz-Wetzlar hot-stage melting point apparatus 


and are uncorrected. 


Microanalyses were performed by the Microana- 


lytical Laboratory of this department. 


Infrared spectra were recorded on a Perkin-Elmer 
Model 337 grating infrared spectrophotometer, a Unicam 
SP1000 grating infrared spectrophotometer, or a Perkin- 


Elmer Model 421 dual grating infrared spectrophotometer. 


Nuclear magnetic resonance spectra were measured 
using a Varian Associates Model A-60 spectrometer or a 
Varian Model HR-100 spectrometer with tetramethylsilane as 


internal standard. 


-¢ nmr spectra were determined at 22.63 MHz in 


the Fourier mode using a Bruker HFX-90 spectrometer in 
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conjunction with a Nicolet-1085, 20 K mercury computer 
or on a 25.1 MHz Varian HA-100-"15 system interfaced to 
the Digilab FTS/NMR-3 Data System and associated pulse 


and proton decoupling units. 


* Mass spectra were recorded on an A.E.I. Model 
MS-9 mass spectrometer or an A.E.I. Model GC/MS mass 
spectrometer with a WB separator. 


2-(3-butenyl)-4,6-dimethylpyridine 29 


To @ stirred solution of phenyllithium (40.3 g, 
0.48 m) in anhydrous ether (300 ml) under an atmosphere of 
nitrogen at room temperature was added dropwise 2,4,6- 
collidine (62.5 ml, 0.48 m). The dark solution was stirred 


for four hours then cooled to 0° in an ice-bath. 


Allyl bromide (60.25 g, 0.5 m) was dissolved in 
ether (75 ml) and added dropwise to the collidyllithium 
solution. Following addition the solution was allowed to 
warm to room temperature and stirred for 12 hours. Water 
(150 ml) was added dropwise to the mixture, then the aqueous 
phase was separated and extracted with ether (3 x 75 ml). 
The combined organic phase was extracted several times with 


dilute hydrochloric acid, and the acidic solution was 
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basified with cold aqueous ammonia and extracted several 
times with chloroform. The chloroform was removed and the 


residue distilled to give 2-(3-butenyl) -4,6-dimethylpyridine 


Zonhs. g, 70%), bop. 58 = 60°, 1 mm, n, 7° WS 
21 


D 


S045 (lab: 


na 56°), Ooo. 1 175042). 


2-(4-hydroxybutyl1)-4,6-dimethylpyridine 30 


2-({5-Butenyl)-4,6-dimethylpyridine (16.1 g, 0.1 m) 
was dissolved in freshly distilled tetrahydrofuran (25 ml) 
under a nitrogen atmosphere at room temperature and a solu- 
tion of diborane in tetrahydrofuran (150 ml, 1M, 0.15 m) was 
added dropwise to it. The slightly cloudy solution was 
stirred at room temperature for two hours then excess 
diborane was destroyed by the careful addition of small 
pieces of ice. 3N aqueous NaOH (60 ml) was added and the 
resulting solution cooled to 0°. 30% hydrogen peroxide 
(60 ml) was added dropwise. The solution was stirred at 
room temperature for two hours then was poured into water 
and extracted with ether (4 x 100 ml). The combined organic 
phase was extracted with dilute hydrochloric acid and the 
bases isolated as usual. Distillation gave 2-(4-hydroxy- 
butyl)-4,6-dimethylpyridine 30 (16.5 g, 93%) b.p. 125 - 127° 
at 0.6 mm (1it.2° 110 - 112° at 0.2 mm) which solidified to 


a low-melting solid on cooling. 
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79 
4-[2-(4,6-dimethylpyridyl)]butyl 2-tetrahydropyranyl ether 26 


2- (4-hydroxybutyl)-4,6-dimethylpyridine 3Q (16.5 g, 
0.09 m) was dissolved in freshly distilled dimethoxyethane 
(25 ml) and freshly distilled dihydropyran (13.7 ml, 0.14 m) 
was added. Hydrogen chloride was bubbled into the solution, 
which became warm and deep orange, until 5.5 g (excess) had 
been absorbed. The reaction mixture was stored at room 
temperature, for six hours, poured carefully into ice-cold 
aqueous ammonia and extracted with methylene chloride. The 
methylene chloride was removed and the residue distilled to 


give the tetranydropyranyi ether 26 (20.5 g, 85%) b.p. 143 - 


26 15 


D 130n-alo2ceat. 0. 5.0m, 


147° 12? tm, 0 


“4 y AN | 
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Teco 7s Gate 


1.5024). 


3-bromopropyl 2-tetrahydropyranyl ether 


3-Bromopropan-l-ol (25 g) was dissolved in freshly 
distilled benzene (250 ml) and dihydropyran (17 ml) was 
added. Phosphoryl chloride (16 drops) was added as catalyst 
and the colourless solution was stirred at room temperature 
for 1% hours. Triethylamine (1 ml) was added, then the 
solution was washed with dilute sodium bicarbonate (50 ml), 
water (50 ml), brine (50 ml), dried and evaporated. The oil 


was distilled at 88 - 91°, 10 mm, and bromoacetal (38 g, 95%) 


et : iv ‘gan oe 
_ an~ j ry es ae 


as redte _tyeaxqaorileragasgi inctsnes — 


a 2. a1} pe ee 3 
quadts(xottomib BSE Le oth . ne 
ter #E.0 . fay V,€L) ner egorbetth BORER 3 fies 
noisy Loz eit odmt he tddud ae 5 < sc 
bed (z299x9) 2 2.2 Lignu anes pat: be 
moor 315, bexote 2aw onuatin wotdosed oft "intense A 
bf op-ont Joene viiutets: wood eta “a 708 oxen 

sat | eo 
ot berlivelkh subrast ods bata | be — 
ay -q.d (308 .g & 082 as + * i 
an 2.0 38 a a 


yiteer? unt eagtoseis se @ ey tot ik LE 
Pea (im ¥5) nenegomtnats ‘brs. Ce éaty” ee 
seYI Sten. 2 bobbs 2BW Asi ahi eqoub alyvsbirotda pee i Bites ale 
| BTUIE roqmas moO". ds ‘bonwbaa egw notistoe. tie oe 
wits noid , bebis enw ceras) satnotiglaghat ee Fie 
«(im 62) sinacdz 20 mustboz atulib as wh en saw noisalos™ 
fio oT be texoqavs bins “beitb (toa) 1 (in 02) ht 


(are «2 S38) [et2sagmort besa i ore 2 8 4s beri! teib thie 


erie ¥ Li 


bg od 
= 
= 


80 


was obtained. n 23 WS yas 9 Vie 


D 
Lt dah); no -OH; 1030 (C-O) ome 
nmr 


On.) 7 eauinver., 2, J=6.5Hz,. CH CH,CH,), 


(CDC1,)° 
4.63 (m, 1, OCHO). 


2 


mass spectrum: m/e .224(1)}, 223 (6)., 222(M , Coe (Bagg E's 
79 


cc. Ls CM BrO Caica. 22d 0177, meas. 221.0178.) 6) 


8°14 2? 
M2519), 12s ade 7 ako (6). 85100), a4(17). 
Bo(1G) = 671515 1a) 12572010)... .56(26), 59(20), 54(8), 43(12),; 


41(43), 39(11). 


4-(2- [4-methyl-6-(2-hydroxypropyl1) -pyridy1l])butyl 


2-tetrahydropyranyl ether, 28 


Pyridine-acéetal 26 (17 9, 0.065 m), was dissolved 
in 100 ml anhydrous ether under a nitrogen atmosphere and a 
solution of n-butyllithium in hexane (47 ml) (1.4M, 0.066 m) 
was added dropwise. The solution was stirred at room tem- 
perature for two hours then cooled to -78°. Acetaldehyde 
(25 ml) in ether (25 ml) was added dropwise to the solution. 
The mixture was stirred at -78° for 15 minutes then quenched 
at -78° by dropwise addition of water (10 ml). The mixture 
was warmed to room temperature and the layers separated. 
The aqueous solution was extracted with ether (2 x 25 ml) and 
the combined organic solution dried and evaporated to give an 


oil which by tlc (alumina, chloroform) consisted mainly of 
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two fractions: starting material at Re 0.7 and a more polar 


fraction at Re 0.4. The oil was chromatographed over alu- 


mina (800 g). Elution with benzene gave an oil identical 
with starting material. Elution with ether gave hydroxy- 


acetal 28 as a colourless oil (8.7 g, 44%) b.p. 165 - 168° 


25 
D 


aT chcn, yi 3360 (unchanged by dilution, intramolecular 


at 0.2 mm, n LeSO072. 
H-bonded -OH), 1610, 1570 (pyridine) cm} 


nmr Seoul ds aioclz, -CH{(OH)CH,), 2.29 (35.5; 


[epel.) 
-CHz), POG (Ot wonge tap OCHO-))) 6.7 (S$, 1, -Arl) 2.6085 
(Sat, AH 

mass spectrum: C, gH, NO, m/e calcd. .307.2147, meas. 
Z07( 214748), 263(10), 222(56), .207(13), 206(85), 179(23), 
178 (41) ; 1650100) 4416843) ¢ 6 162(4 0) 4a 481 245 147,014), 
146.(10)ond 35148 )acdsd( 5205 viI21482)5 220(23)5. 85(70), 


77£12) ,.57(10)47-45 (1099) 43143) , (4402108 
2- (4-hydroxybutyl1)-6-(2-hydroxypropyl)-4- methylpiperidine, 23 


Compound 28 (1 g) was dissolved in absolute 
ethanol (40 ml) and sodium metal (4 g) was added in large 
pieces. The mixture was stirred and heated to reflux for 
two hours, then cooled. Water (20 ml) was added dropwise 
and the cooled solution was extracted with chloroform 


(327x950 ml)9) The combined extracts were washed with water 
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until the washings were neutral and the chloroform solution 


was dried and evaporated to leave a pale yellow oil (780 mg, 


3610 (OH), 3250 (NH), 1130, 1120, 1070, 


fe ig : 
(CH,C1.,) A 


1030 (C-0) cm 
The crude material was dissolved in chloroform 
(10 ml) and stirred vigorously with 10% aqueous HCl (20 ml) 
for one hour. The aqueous layer was basified with aqueous 
sodium carbonate, then extracted with chloroform (3 x 25 ml). 
The combined extracts were dried and evaporated to yield 23 
as a pale yellow oil (558 mg, 75% from 28). 
1 


iF cH c1,)’ 3610 (OH), 3250 (NH), 1070, 1030 (C-0O) cm 


The triacetate of this compound was formed by 
treatment with acetic anhydride in pyridine. 
1 


iT (cH c1,)' 1735 (C=O), 1635 (C=O) cm 


nmr 5 nO eo eer dike. I= Oley CMe) pal sedan (a 5, 


(CDC1,) 
J=6Hz, -CH,), Z 05 n(s', 6; CH,CO), 2200 (Sy 3, CH,CO), 
UZ ey 5. Lutes -CH,0Ac), 4.84 (m, 1, -CHOAc). 

mass spectrum: Ci oHs5NOc » m/e. calcd. 355.2359 meas. 

25S 2500 (2) eee. con coed 4) 4. 240 (8), 2i2(20)., 
LOSE 4 18205). ol (4 ee 2808 e154 (Lis 152(8) 5 139s). 
ES7 Cis hs), 2 LOC eo 5) 96 (1S), S507) 5 194-07}, 
R209 yeeros, 7 O10) 69 (235) 5 68'G7), 67 (20)), 256(7):, 
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Sot i) ee Ob A LOO) Ae.) 241617). 
noed. Calad. for Ci gHs5NO-: Cy, 665,:505.0H s 49. SQN we a5 3. 


NOUN ta. 266. 255 Hw DGS 3nN, Sad. 
Attempted oxidations of 23 
a) Chromium trioxide-pyridine-acetic acid 


Piperidine diol 23 (321 mg) was stirred at room 
temperature with chromium trioxide-pyridine-acetic acid 
(0.8M, 10.5 ml, 6 equivalents) for one hour. The brown 
mixture was poured carefully into cold aqueous ammonia 
(20 ml) and then the mixture diluted to 200 ml with water. 
The resulting solution was extracted with ether (3 x 20 ml) 
and the combined extracts washed with water (30 ml) dried 
and evaporated to give a dark oil (69 mg). This was a 
mixture of at least three compounds (tlc, alumina, chloro- 


form) and the ir showed a medium intensity band at 1680 cm 


With a shoulder at 1720 aan 


b) Collins’ reagent 


Diol 23 (243 mg) dissolved in methylene chloride 
(5 ml) was added to a solution of CrO,-py, complex (Collins' 
reagent) in methylene chloride (5%, 60 ml, 12 equivalents) 


and the mixture was stirred at room temperature for two 
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hours. The dark mixture was filtered and the filtrate 
evaporated to give a dark-brown semi-solid. This was 
partitioned between chloroform and 5% aqueous HCl. The 
aqueous solution was basified with dilute sodium bicarbon- 
ate solution and then extracted with chloroform. The dried 


extracts were evaporated to give a small amount of dark oil 


(3 mg). 
c) Chromium trioxide-pyridine 


Diol 23 (200 mg) dissolved in pyridine (5 ml) was 
added to a slurry of chromium trioxide (400 mg, 4 equivalents) 
in pyridine (10 ml) at 0°. The mixture was stirred for two 
hours at 0°, then poured into ice-cold aqueous ammonia 
(25 ml). The solution was extracted with chloroform (3 x 
50 ml) and the combined extracts washed with water (20 ml), 
dried and evaporated to give a dark brown semi-solid (99 mg) 
which was a mixture of four compounds (tlc, alumina, 


chloroform). 


d) Chromium trioxide-pyridine (complex) in methylene 


chloride (in situ preparation and use of Collin's 


reagent) 


To dry methylene chloride (30 ml) under a nitrogen 


atmosphere was added dry pyridine (0.96 ml, 0.012 m) followed 
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by chromium trioxide (600 mg, 0.006 m). The mixture was 
stirred for 15 minutes at room temperature and then diol 
23 (317 mg, 0.001 m) in methylene chloride (4 ml) was 
added in one portion. The mixture was stirred for 15 
minutes then poured into water (50 ml). The mixture was 
extracted with ether (3 x 50 ml) and the combined extracts 
washed with water (50 ml), dried and evaporated to give a 
dark oil (106 mg) which was a mixture of at least five 


compounds (tlc, alumina, chloroform). 
e) ’ Sitiver “carbonate-celirte’, ‘benzene 


Silver carbonate-celite (6.0 g) was azeotropically 
distilled with benzene (90 ml) to remove residual water 
from the solid and to this mixture was added diol 23 
(267 mg) in benzene (10 ml). After one hour the mixture 
was cooled, filtered and the filtrate evaporated to give a 
dark oil (206 mg) which was a mixture of at least four 


compounds (tlc, alumina, chloroform). 
2-(2-oxopropyl)-4,6-dimethylpyridine 39 


2,4,6-Collidine (24.2 g, 0.2 m) dissolved in 
anhydrous ether (120 ml) was added dropwise to a solution 
of n-butyllithium in hexane (135 ml, 0.22 m) under a 


nitrogen atmosphere. The solution was stirred for 1% 
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hours at room temperature. 


Acetonitvije, (i2iml, 9.35—¢2, 0.23 °m) in ether 
(13 ml) was added dropwise over % hour. The mixture was 
stirred at room temperature for 1% hours. 6N Sulphuric 
acid (100 ml) was added dropwise and the resulting mix- 
ture stirred overnight. The layers were separated and the 
aqueous solution basified with aqueous ammonia, then 
extracted with ether (4 x 100 ml). The combined ethereal 
solution was dried and evaporated to give a yellow oil. 
Distillation at 4.5 mm gave a fraction boiling at 35 - 45° 
(10.2 g) which was identical to starting material. Pyridine- 


ketone 39 (11.0 g, 58%) was obtained as a yellow oil, 


24 
D 


3400 (-OH intramolecular H-bonded), 1720 (C=O), 


bep 4105 <:109°Q. 435{mm;4n 115264y 


1T (neat) ° 
1655 (C=C), 1612, 1570 (pyridine) cm? 


nmr 6 20208 (03, mLOCH One? 2%9 (e508, wllx) » 


(CDC1,)° 
24481 (3) (3), -CHL)5) 3.83) (53, 2,\¢CH)) ,) 6s 87o¢s, 252 -ArH). 


mass spectrum: C1 Hy 3NO; m/e calcd. 163.0997, meas. 


163.1004(24), 148(10), 122(9), 121(100), 120(17), 77(8), 
43(10). 


m*/e 90 corresponds to 163 —> 121. 
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2-(2-[2-(5,5-dimethyl-1,3-dioxany1) ] propyl) -4,6-dimethyl- 


pyridine, 45 


Pyridine-ketone 359 (4.0 g, 0.025 m) was dissolved 
ano benzene. (o0 ml). 92.2 -Dimethyl-1,3-propanediol (2.6 ¢, 
0.025 m) and p-toluenesulphonic acid (4.65, 0.026 m) were 
added and the resulting solution was stirred and heated to 
reflux under a Dean-Stark trap for nine hours. Triethyl- 
amine (3 ml) was added and the solution washed with aqueous 
sodium carbonate (2 x 25 ml) and water (25 ml). The solu- 
tion was dried and evaporated to give a pale-yellow oil 


24 


(5.60 g, 92%), np 1.4989. 


i ‘ ae = 
IT (neat): L612,21570 (pyridgne) 71120 p20 80 sem re: 


nmr 5 c0a9Z46s £16, fgemdimethyl), 1.37 (s, 3, CH, 


(CDC1,) ° 
ketal), 2.26 (si, 6; CH), 2: ESI s5 Ss CH,), Sig) SOESs,) a2’, CH); 
a Se GS, 4, -CH,O-), 6.281. Cis), B,/ ATH), G95? "sep ol SAX). 

mass spectrum: C,5H,,NO0,, m/e calcd. 249.1720, meas. 

ZA w TOU L545), 1647), 15007}; 72900), £22 (5), 


121(23), 120(8), 77(6), 69(67), 43(90), 41(10). 


Ketals, 45 (205h-25,0 06:01 mn In anhydrous ether 
(10 ml) was added dropwise to a solution of phenyllithium 
in ether (5 ml, 0.01 m) at room temperature under a nitrogen 
atmosphere. An aliquot was removed by syringe and plunged 


into D,O0. The ethereal layer was dried and evaporated. 
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sia leelea bea 6 2.4 7meis £25, CH,), B718' (5, 1 Lee CD 


2- (3-iodopropyl)-5,5-dimethyl-1,3-dioxane 48 


B-chloropropionaldehyde diethylacetal (16.65 g, 
0.1m) was dissolved in benzene (150 ml) with 2,2- 
dimethyl-1,3-propanediol (10.4 g, 0.1 m) and p-toluene- 


sulphonic acid (500 mg). 


The solution was stirred and distilled. During 
the distillation benzene was added at a rate sufficient to 
maintain constant volume. After 200 ml of distillate was 
collected the solution was cooled, washed with dilute 
sodium bicarbonate (2 x 25 ml), dried and evaporated. to 
givea colourless oi1 (18.0 ¢). 

Bae (COGI Sg BO 8021 5.1355 G55 -CHz), Pe se (sy ~CHz), 
3.65 (t, 2, J=6.5Hz, -CH,C1), 41029 (t, DL, J=SHz, <OCHO-);. 

The oil (18.0 g) was dissolved in dry acetone 
(100 ml) and sodium iodide (30 g) dissolved in acetone 
(200 ml) was added. The stirred solution was heated to 
reflux in a dry atmosphere for ten hours. The cooled mix- 
ture was filtered and the filtrate evaporated. The residue 
was partitioned between ether and 1% aqueous sodium bicar- 
bonate. The ether layer was dried and evaporated. The 


residual oil was distilled to give the iodo-acetal 48, 
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bp. 8Scigae:. WS? map o020)..2 ig \7'5%,) . 

pee cau Je S) 0 APSA Y 73, -CH,); UR os -CH,), a ae 
(O,) 2 OW THz {CH I1)J) Ag'53, (to 1, J=SHz,'-OCHO-). 

mass spectrum: CH, 0,1, m/e calod.* 7270». 0119) meas’ 
270.0110(3), 269(10), 184(6), 183(5), 155(6), 142(4), 
L28-€4)5—-11-6 (7 FTES (1007; 87-(4).,. 09( 42), -57(8).2. 50 (55), 


5 (1h) 105 ASAD afd 0 Dee 


2-(4- [2- (5,,5-dimethyd-—1, 3,-dioxany]),] butyl) -4., 6- 


dimethylpyridine, 49 


To a solution of n-butyllithium in hexane (1.4M, 
18 ml, 0.025 m) in anhydrous ether (25 ml) was added drop- 
Wise. 2 SOluttOn- OF 2,4. 6-coLlidine (3.775. 95. 0.025. m), in 
ether (25 ml). The solution was stirred at room tempera- 
ture for 1% hours then cooled to 0°. A solution of iodo- 
acetal 48 (6.75 g) in ether (50 ml) was added dropwise and 
the mixture was stirred for % hour at room temperature. 
Water (50 ml) was added and the mixture worked up as usual. 
Distillation of the residue gave a colourless oil, 
Datcacee 7 eo... UA, OM so ..0 2, 9/5). 
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Maso spe ccrun. *m/ Ge 205Cr)yy 178(5), 177(5), 176(4) ,° 148(9), 

Poa) hae wk ee low pe) 2156 )*)°:69.(9),. 4105). 

Aaa. Calcd: Lor Cj 6H2<NO,: 
Pounaen Ge) oS, 113. Hyi-926 9 Nees 756 


OoN7 5.00; HewolSis oN ismsek 


Attempted hydrolyses of 49 


a) Chloroform-aqueous HCl 


Acetal 49 (550 mg) was dissolved in chloroform 
(10 ml) and 10% aqueous HCl (10 ml) added. The two-phase 
system was stirred and heated to reflux for 60 hours. The 
aqueous layer was basified with aqueous ammonia and ex- 
tracted with chloroform. The extracts were dried and eva- 
porated to give a pale yellow oil (510 mg) which was iden- 


tical with starting material (tlc, mass spectrometry and ir). 
b) Chloral-chloroform-aqueous HCl 


Acetal 49 (510 mg) was dissolved in chloroform 
(10 ml) and 10% aqueous HCl (10 ml) added. To this mixture 
was added chloral (15 drops) and the mixture was stirred 
and heated to reflux overnight. The mixture was worked 
up as above to give an oil (370 mg) which was a mixture 
of three compounds (tlc). No absorption between 1650 - 


1800 cm? was present in its ir. 
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c) 100% Sulphuric acid-ether 


To a_solution of acetal 49 .(300 mg) in ether 
(10 ml) was added 100% sulphuric acid (8.5 ml, from concen- 
trated sulphuric acid and oleum) with cooling. After 
standing for 1% hours at 0° the mixture was poured into 
cold aqueous ammonia containing ice. The mixture was worked 


up as above to give a dark gum (103 mg). 
d) 40% Hydrobromic acid in acetic acid 


Acetal 49 (1 g) and 40% hydrobromic acid in acetic 
acid (10 ml) was heated on a steam bath for 18 hours. The 
solution was poured into water (10 ml), basified with aqueous 
ammonia and worked up as before to give a dark solid (400 mg) 
which was a mixture of four compounds (tlc, alumina, 


chloroform). 


2-(4-[2-(5,5-dimethyl-1,3-dioxanyl1) ] butyl) -6-(2-oxopropy1) - 


4-methylpyridine, 50 


Toy assolu¢ionvot phenyllithium (8.2 g, 0.11 m) 
in anhydrous ether (300 ml) was added at room temperature 
under a nitrogen atmosphere pyridine-acetal (26.3 g, 0.1 m) 
in ether (25 ml). The mixture was stirred for three hours. 


Acetonitrile (25 g, 0.6 m) in ether (150 ml) was added 
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dropwise and the mixture was stirred for 1% hours. 

6N Sulphuric acid (50 ml) was added dropwise and after 
stirring for 12 hours the mixture was worked up as usual 

to give a yellow oil (25.1 g) which was a mixture of starting 


material and product (1:1, nmr). 


The crude mixture (5 g), hydroxylamine hydro- 
chloride: (2.7 g),; and pyridine (5 ml) in«95% ethanol (70 ml) 
was heated under reflux with stirring for 1% hours. The 
ethanol was removed and dilute sodium bicarbonate (100 mt) 
added. The mixture was extracted with methylene chloride 
(3 x 100 ml). The combined organic solution was washed 
with water (100 ml), brine (100 ml), dried and evaporated. 
The oil so produced was chromatographed over alumina (200 g). 
Elution with ether gave an oil which was identical in all 
respects with starting material (1.9 g). Elution with 
chloroform-methanol (94:6) produced the acetal-oxime 51 
as a colourless oil (3.0 g). 


3580, 3290 (NOH), 1665 (C=N), 1610, 1570 


> (eunie 
1 


(pyridine), 1130, 1090 (C-0) cm 


ah oh Tn a 6 3.67 (s, 1.5, Ar-CH,), 3.92 (s, 0.5, ArCH,). 


The crude oxime 51 was dissolved in acetone-water 


(2:1, 105 ml) and treated with 20% aqueous titanium 


trichloride (15 ml, approx. 1.5 equiv.). The solution was 
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stirred at room temperature for three hours then water 

(SO ml) was added. The mixture was basified with saturated 
aqueous sodium bicarbonate and extracted with methylene 
chloride (3 x 50 ml). The extracts were washed with water 
(50 ml), brine (50 ml) and dried. Distillation of the 
residue Arey evaporation of the methylene chloride gave 
ayyeltOw oe" 50, U.P. boe- ceoc., U.S mm, (2.208, 37%, 57% 


22 


based on recovered starting material) Np 1.5084. 


1715 (C=O), 1610, 1570 (pyridine), 1130, 


= ccHcl 
1 


1090 (C-0) cm 

By (epaas9° 6 pal Ll Sse56 CHz), ewaUMLS, 3, CH,), 

S205 (S, 2; CH,)- 

mass spectrum: Ci gH, 7NO., m/e calcd. 305.1991, meas. 
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ZEUS LIOL4 Oy ee Lee Ly Ole o). boateo), Los (LU0):; 

1469) > 1477804. 140Cl0). bs4(s), F2tCts)s LUC), 
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2-(4-[2-(5,5-dimethyl-1,3-dioxany1) ] butyl) -6- 
(2- [2-(1,3-dioxolanyl)]propyl)-4-methylpyridine, 52 


Keto-acetal 50 (2.0 g), ethyleneglycol (2 m1) 
and p-toluenesulphonic acid (2.0 g) dissolved in benzene 


(50 ml) were heated to reflux under a Dean-Stark trap for 
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six hours. Triethylamine (3 ml) was added to the cooled 
solution which was then washed with sodium bicarbonate 


(25 ml) and water (25 ml). The dried solution was 


Ly 


evaporated to give a colourless oil (2.13 g, 93%). 


; : ae Ae 
1T (neat) * 1610901570 “@pyridine) )°1130)°2090, 1045)(C=#0) “emo”, 


acne.) erTor721¢s,. 63; CHz), DOUIS s , +55 CH,), LEST 
€si 5% CH), ZUZS as FOSG CH), S208 TES }0O2, CH,); 3.93 
€s2p4; OCH, -CH,0). 


In another experiment keto-acetal 50 (300 mg) 
was treated with ethyleneglycol (1 ml) and p-toluene- 


sulphonic acid (230 mg) in benzene (30 ml). 


The resulting product (182 mg) was chromatographed 
over alumina (6 g). Elution with benzene gave a product iden- 
Hical m(ninz, -tle,\ix) with the product,-from-the previous reac- 
tion (94 mg). Elution with ether gave another fraction, 

2-(4- [2-(1,3-dioxolanyl) ]buty1) -6- (2-[2-(1,3-dioxoalny1) ] 
propyl)-4-methylpyridine, 53 (39 mg) as an oil. 
1 


1T (neat): 1630-1570 (pyridine), L045 (C-O), cm 


Beigua! =; On betas, -( Suny uae CH), 2e2Ge US a 5's CH), a.07 
(ol 2 CH,) >, S10. 1. Bi, -OCH,CH,0-). 

mass spectrum: m/e SU70L), 222 (4), 221(24), Z207(9),; 
Prete zt), Soko emer Looy; 75(9)5 S55 (4), 45 (7), 


43(28). 
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3,3-dimethoxypropyl iodide 54 


8-chloropropionaldehyde diethylacetal (10 g) 
and sodium iodide (30 g) in dry acetone (250 ml), (approxi- 
mately 0.5 g sodium carbonate was suspended in the solution) 
was heated under reflux for three hours. The precipitated 
sodium chloride was removed by filtration and the filtrate 
evaporated. The residue was partitioned between ether 
(50 ml) and 5% aqueous sodium bicarbonate (50 ml) and the 
layers separated. The aqueous solution was extracted with 
ether (50 ml) and the combined ethereal solution was dried 
and evaporated. 
ganas 4s" O50. 2 ee Gl. Ow ay biz. -CH,CH), SALE GA 
J=7Hz, ICH,-), 49 “(t,o Js5. Siz, ~CH(OCH,CHz) 5), 


3.6 (m, 4, -OCHoCH,), 2.1 (m,\2, -CH,CH,CH-). 


The crude product was dissolved in dry methanol 
(200 ml) and p-toluenesulphonic acid (250 mg) added. The 
mixture was stirred at room temperature for two days. 
10 g solid sodium carbonate was added and the mixture 
stirred vigorously for % hour. The solid was filtered 
and the solvent removed from the filtrate by distillation. 
The residue was worked up as above and the product was 


distilled, b.p. 82 - 84°, 50 mn. 
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BAF (ener a)" 5) 32 aly (ae, “2s, ~CH,CH,CH2), S317) (0, H, Gea7.. 
ICH,-), Dir S 3.6, -OCH.), 4S (0, Liesied5. SHze 
~CH(OCH,),). 

mass spectrum: CoH, 10,1, m/e calcd. 229.9804, meas. 
220 O60 1 (l)s,¢ 99 (63,8 7510.0 04,8 741502 2 )i,2 SACG)., 1475003), 


45(15), 41(11). 
2-(4,4-diethoxybutyl)-4,6-dimethylpyridine, 47 


To a stirred solution of phenyllithium (6.72 g, 
0.08 m) in anhydrous ether (250 ml) under a nitrogen 
atmosphere at room temperature was added dropwise a solution 
orveno-collidine (9.7 ¢, 0.08 m) in ether (30 ml). -The 
mixture was stirred for two hours at room temperature and 
to the resulting blood-red solution was added dropwise a 
solution of 8-chloropropionaldehyde diethylacetal (13.3 g, 
0.08 m) in ether (30 ml). The mixture was stirred at room 
temperature overnight and quenched by the dropwise addition 
of water (100 ml). The layers were separated and the 
aqueous solution extracted with ether (75 ml). The combined 
ethereal solution was dried and evaporated. The mixture was 
distilled to give compound 47 (9.1 g, 45%), b.p. 120 - 124°, 


1.2 mn, ie 1.4844, 


iT (neat): 1610, 1570 (pyridine), 1125, 1060 (C-0) cm?. 
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~CH;), GaW? US ys ~CH,), epee. L. J=oHz, -OCHOZ 0G. 7 

(oh 2 ArH); 

Mase spectrum.) -m/6 25102) .0222(17), 207(17),, 206(100), 

Atco), totes), eT OUOl. Laolsz), 121(69), 103(52), 

U5t25).747(10) 

Anal. calcd. for C, 5H, <5NO,: Cree hoor. Heo O. 90% Now See. 
Poumas Ge ko o2 HO. O09: N.S Oa. 


A Tarener 1 raction ¢5-2. g), bep. 170 ="I74"5 
1.2 mm was obtained. 
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iT (neat): F610) 47570? (pyridine), *EY25>5°1060. (C-0} “cm 


nmr § 1.17 (t, approx. 3, J=7Hz, -CH,CH.), 1.19 


(CDC1,)° 
Cer aperoxy ay "oO =/he; -CH,CH,), 7 Ale ol all Bay hao bgt -CHz), Bead 
tssVires -CH,), 4oez CC, 2 ko=SHoy AOCHOT, 4.50°(C, “EL, 
J=SHz, -OCHO-). 

mass spectrum: C,Hz9NO,, m/e calcd. 381.2879, meas. 

Sor sees4 (3), 652€15) 9 357015), so0G05), “so Ccl).» 307 §7)., 
SOCESL) sz 291 (12,7 5290 (48), 9262614) 5—2600(T3)'5 25¥( 12), 
BArelays ZO4Cl Aye al 7 otis) 7 81 76(22)5 16k (T6)y "160(10), 

P58 FO} PEETS Cl) ,. AY GES) 2146018), “ES4 (31) 5 TZ CZs), 
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2-(4,4-dimethoxybutyl1)-4,6-dimethylpyridine, 55 


Diethylacetal 47 (10.28 g) was dissolved in 
freshly distilled methanol (250 ml) and d-10-camphorsulphonic 
acid (10.2 g, 10% molar excess) was added. The solution was 
distilled during which dry methanol was added dropwise to 
maintain the volume in the flask. This was continued until 
100 ml distillate was collected. The solution was cooled, 
solid sodium carbonate (10 g) was added and the mixture 
stirred vigorously for 15 minutes. The mixture was filtered 
and the filtrate evaporated. The residue was partitioned 
between ether (100 ml) and water (100 ml). The aqueous 
fraction was extracted with ether (75 ml) and the combined 
ethereal solution was dried and evaporated. Distillation 


afforded dimethylacetal 55 (8.3 g, 92%) as a colourless oil, 


b.p. oh ie a7 1 mm , as 1.4904. 

. 3 if a i “i 

1T (neat) ’ 162-0,. 1570 (pyridine), L120. 2065. ((C-0) cm. 

on (GuGkel: 6 1.78 (m, 4, -CHCH,CH,CH-), 2.28 (s, 3, -CH,), 


gest ae och )4 27, Conn ArH) S285 35.6, CCH). 
4.43 (t, 1, J=SHz, -OCHO-), 6.87 (s, 2, ArH). 

mass spectrum: C,3H,,NO,, i/e calcd. 225.1572, meas. 
223.1566(1), 208(11), 193(15), 192(92), 191(28), 176(35), 
148(49), 122(11), 121(100), 75(84), 40(29). 

Anal. calcd. for C,zH,,NO,: C, 69.96; H, 9.42; N. 6.28. 
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Pounier GO. 1 Os 7n, 9, 54a= Noo 6.20. 
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2-(4,4-dimethoxybuty1) -6-(2-oxopropyl)-4-methylpyridine, 61 


Tove stirred solution of phenyllithium (4.2 ¢, 
0.05 m) in anhydrous ether (150 ml) under a nitrogen atmos- 
phere was added dropwise a solution of dimethyl acetal 55 
(10.98 g, 0.05 m) in ether (50 ml). The mixture was stirred 
for 1% hours at room temperature and to the resulting blood- 
red solution was added dropwise a solution of acetonitrile 
(10.2 g, 0.25 m) in ether (30 ml). The mixture was stirred 
for three hours, then 2.5N methanolic HCl (100 ml) was added 
dropwise and the mixture stirred at room temperature over- 
night. Triethylamine (20 ml) was added dropwise, the mix- 
ture stirred for 15 minutes then poured into saturated 
aqueous sodium bicarbonate (100 ml). The layers were sepa- 
rated and the aqueous solution extracted with ether (2 x 
100 ml). The combined ether solution was washed with water 
(50°ml1), brine (50 ml), dried and .evaporated. The residue 
Was distilledrand startingsmaterial. (2. 2n0) (b.p. 29 =. 00 ~, 
0.1 mm was obtained. Crude keto-acetal (4.1 g) was obtained 
as.a yellow,oil, b.p. 150 = 157° (0.1 mm):. (There was a 
considerable residue, but this could be greatly reduced by 
adding a saturated solution of zinc chloride in ether (0.5 
molar equivalents) prior to the alkylation with acetonitrile.) 


Tinest). oT” (C=O), 1655 (C=C(OH)), 1610, 1570 (pyridine), 
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This spectrum showed that the distillate contained approxi- 
mately 10% starting material. 

mass Spectrum: C,,H,,NO., mie. calcd..265.1678, meas. 
26551674. 


2-1 a>) 2" (1 ,o-d20xGLlany 1} [butyl ) 76- (2°27 (1, 3-dioxolanyl) } 


propyl)-4-methylpyridine, 53 


Grude keto-acetal 61 (3.2 g), ethylenerglycol (7 ml 
(7 ml) ‘and p-toluenésulphonic acid (2.5 g, 10% excess) were 
dissolved in benzene (150 ml). The mixture was stirred and 
heated to reflux under a Dean-Stark trap for 18 hours. 
Triethylamine (S ml) was added to the cooled mixture which was 
then stirred for ten minutes at room temperature. The mix- 
ture was washed with 5% aqueous sodium bicarbonate (75 ml), 
water (50 ml) and brine (50 ml), dried and evaporated to 
Give an, Oils (6.5.98) which was chromatographed over alumina 
(200 g). .Elution,with benzene-ether (1:1) gave acetal-ketal 


Ga Zoo Sd om 55) asa pale. yellow pil, bsp. 1465001497 
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BMT (cpci.)' Cricut oe eri.) st 82 Cina 


-CHCH,CH,CH-), Li LeICS fOy ~CH,), errr, 925 ArCH,), 
360525, 2, ArCH,), S90 Am, 8, -OCH,CH.0-), 4.87 

PU Gag i rohz , -0Ch0-),7 6.85 (s,° 1) "ArH)§’ 6.95" (s> 1, ArH). 
mass spectrum: C,7H,,5NO0,, mye Calcd.' 307.1784, * meas. 

aU7 hoo (hjseeee Ga), cat 5o5) 5, 207 (16), 20465) 78 (1s); 
T7Otpporas (4), 147(4), 496(5) 5 134(4)% T271013) 53996); 
SO, aL), ov CLUD)S Jol), 2506), 4303519" 

Ridin Coeds. Lore... NO: UG, 66,455 °H, 23% 145° N,* 4.50% 


LIZ oe 
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2-(4-[2-(1,3;dioxolanyl)] butyl)-cis-4-methyl-cis- 


bs(2-[2- [1 ,5-dioxoalnyl) |propyl) -paperidine, 58 


: Ketaleacetal 35° (2.2792) Was dissolved in freshly 
distilled iso-amyl alcohol (50 ml). The solution was 
stirred and heated to reflux under a nitrogen atmosphere 
and sodium, metal (4.0 in, 1] g. pieces) was added... The, mix- 
ture was allowed to reflux until all the sodium had dis- 
appeared (2 hours). The solution was cooled and water 
(50 ml) was added dropwise. The mixture was separated and 
the aqueous solution extracted with ether (3 x 50 ml), then 
with brine (50 ml), dried and the ether evaporated. The 
iso-amyl alcohol was removed by simple distillation followed 


by evacuation at 2 mm overnight. The crude product (2.00 g) 
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was chromatographed over alumina (150 g) and elution with 


ether gave 38, (1.22 g, 52%) n)°” 1.4784. 


.; : ot 
iT (neat)? 3340 (NH), 1120, 1035 (C-0) cm. 


nmr bite Ded a Ree ec ESL Cana A I TOR SI 


(EDGL,}- 
-CH,), 3.95 (m, 8, -OCH,CH,0), 4.87 (t, 1, J=4Hz, -CH 
acetal). 
iets hich youd Oe OHS) 202 2rSol Hedpa2buded CHisdppSdas 
(CH), 34.0 (CH,), 36.9 (CH), 41.1 (CH,), 42.3 (CH), 

4563 [CHo) 02 53-2iliCMnp Sd -4y (CH) q 645.4 (Hy Jao64 stexl CHa de 
G4. SZ CH) ed 04 Sei Clea dd Zell) s 

mass spectrum: C1 7H3,NO0,, m/s,calcd..3513,..2253,,meas. 

O17 24601) 712 V2de4 199 (Bee 981100), 155(4), 154); 
152(4).¢ V40{4) qed 2 (4s 9644 )e 87420) 002367 Jao 69kGdn. B204)3 
55(4), 45(5), 43(11), 41(5). 

ingi. icaled. (for C)LH. NO! ©. 65.182 9090:,N, 4.47. 


ig 31 4 
Found: ~C. 65.39% H,.10.08; N, 4.04. 


Elution with pure chloroform gave a pale yellow 


oil (0.34 g, 15%) which was isomeric with the above material 


(mass spectrum). 
* il! 
iT (neat): 3540 (NH bs ke yet Ooo, .CHO cies, 


pee (2 3: 6 0.87 (d, 3, J=6Hz, CH,), 1.33 (s, 3, CH,), 


3.97 (m, 8, OCH) 
mass spectrum: m/e 212(17), 199(11), 198(100), 155(6), 


CH,0), 4.88 (t, 1, J=4Hz, CH acetal). 
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Log 9210521 7)5d SOK4)e 2401. 7)2,5 112 (5) ,. 1064) gn 961 209% 
SAA25) , SOG 0952257104) wS5 (5) 5r45(8) 52 431 L9)4d 418) 
2,8-dimethy1-8-hydroxy-3acis-9acis-perhydro-7-oxa-9b- 
azaphenalene 76 

Piperidine ketal-acetal 38 (242 mg) was stirred 
with 5% aqueous HCl (7 ml) at room temperature overnight. 
The solution was basified with dilute sodium bicarbonate 
and extracted with ether (3 x 10 ml). The combined ethe- 
real solution was washed with water (10 ml), brine (10 ml) 
and dried. Evaporation at room temperature gave a 


colourless solid (173 mg, 100%). 


carci) 3570 (-OH), 2760, 2730, 2610 (Bohlmann bands), 
1060, 1040 (C-0) cm, 
nmr (cpci,)? § 9.90 (d, 3, J-6.SHz, -CH5), 1.45 (s, 5, 


~CH,),. 4.02 (m, 1, -0-CH-N-). 

mass spectrum: m/e 225(8), 224(17), 210(11), 207(20), 
163 (te “Vobt1 2) 165 8). 16407), 151.0196 y 1506100). 
108(10), 96(6), 82(6), 55(5), 54(4), 43(11), 41(8). 


2-Methyl-8-oxo-3acis-9acis-perhydro-9b-azaphenalene, 81 


Hemiketal 76 (45 mg) was dissolved in dry THF 


(S ml) and freshly distilled pyrrolidine (17 ul, 1 molar 
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equivalent) and acetic acid (23 wl, 2 equivalents) were 
added. The solution was stirred and allowed to reflux 
under a nitrogen atmosphere for 24 hours. The cooled 
solution was washed with 5% sodium bicarbonate (2 x 5 ml) 
and the aqueous washings extracted with ether (2 x 5 ml). 
The combined organic solution was washed with brine (5 ml), 
dried and evaporated to give ketone 81 as a pale yellow 

oil (34.5 mg). 

(CHC y) 2780, 2740, 2600 (Bohlmann bands), 1725 (C=0) 
cm 


This material was used immediately in the next 


step. 
2-Methyl-8-hydroxy-3acis-9acis-perhydro-9b-azaphenalene, 83 


The oily ketone 81 (34.5 mg) was dissolved in 95% 
ethanol (3 ml) and sodium borohydride (45 mg) was added. 
The mixture was stirred at room temperature for % hour. 
Ether (6 ml) and water (6 ml) were added, and after stirring 
for five minutes the layers were separated. The aqueous 
solution was extracted with ether (5 ml) and the combined 
ethereal solution washed with brine (5 ml), dried and 
evaporated to give a colourless oil (28.8 mg). 
IT neat)’ 3590 (-OH), 2780, 2740, 2600 (Bohlmann bands) 
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veg 6 6 0.88 (d, J=5Hz, CH,), 2.90 (m, -NCH-), 
3.61 (m, CHOH). 


mass spectrum: C NO, m/e calcd. 209.1780, meas. 


13!23 
209.1792(38), 208(77), 194(11), 192(18), 167(16), 166(18), 
5646609) n'b561408 152.042) ,0351005d50150 (2495 2366126 
122(13), 96(12), 94(10), 82(16), 81(12), 80(10), 79(10), 
70(16), 69(21), 68(18), 67(22), 57(11), 56(15), 55(52), 
54(31), 53(18), 45(41), 44(13), 43(46), 42(37), 41(100), 


39(46). 
Synthesis of 83 directly from 76 


Hemiketal 76 (107 mg) was dissolved in ethylene 
glycol (20 ml) and sodium hydroxide (2 g) added. The 
stirred solution was heated to 150° under a nitrogen 
atmosphere for 18 hours. The cooled solution was diluted 
with water (25 ml) and extracted with benzene (3,20: ‘Loamby. 
The combined benzene solution was washed with water (2 x 


15 ml), dried and evaporated to give a pale yellow oil 


(45« gn 


This oil was shown to be identical with alcohol 


83 by tlc, ir and mass spectrometry. 
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2-Methy1-8-methanesulphonoxy-3acis-9acis-perhydro-9b- 


azaphenalene, 84 


The mixture of alcohols 83 (24.0 mg) was dis- 
solved in methylene chloride (0.5 ml) and was treated with 
triethylamine (40 wl, 1.5 equivalents). The solution was 
cooled to 0° and treated with methanesulphonyl chloride 
(15 pl, 1.3 equivalents). A precipitate formed almost 
immediately and the mixture was stirred for 15 minutes 
ates aqueous sodium bicarbonate (1 ml) was added, 
then methylene chloride (2 ml). The layers were separated 
and the aqueous fraction extracted with methylene chloride 
(3 x 5 ml). The combined organic solution was dried and 
evaporated to give an oil (23.0 mg) showing one spot, 

Re 0.7 on tle (alumina, chloroform). 
iT Heat)’ 2780, 2740, 2600 (Bohlmann bands), 1355, 1170 


(sulphonate ester) cm? 


nARoueM, 6 O87 abd, 9 JOH), ~CH,), A196 (ses, 
~CH,S0,-), 4.78 (m, 1, -CHOS). 
mass spectrum: Gigiicnos 75), m/e calcd. 287.1555, meas. 


287.1567(15), 286(15), 208(10), 192(100), 191(7), 190(20), 
L705). 164110) 151 (12), 150(23), 148(8), 136(5), 134(4), 
122(5), 108(8), 106(4), 96(6), 95(5), 94(5), 93(4), 91(4), 
$218 Jn BLITZ) po BOG I4 W961 Aur 749116910 yo) 681 7Gu 67008, 
BGGS)t 55014), 5409), 58(7)>.435(6), 42(6)} 41(26). 
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2-Methy1-8-p-toluenesulphonoxy-3acis -9acis-perhydro-9b- 


azaphenalene, 85 


The mixture of alcohols 83 (10.5 mg) was dis- 
solved in dry pyridine (0.5 ml) and p-toluenesulphonyl 
chloride (30 mg, 3 equivalents) was added. The solution 
was stored at 0° for 24 hours. Water (1 ml) was added 
and the solution was extracted with ether (3 x 5 ml). 
The combined extracts were dried and evaporated at room 
temperature to give an oil (10.7 mg), which was shown to 
be one compound (tlc, alumina, chloroform, Re x7). 


2780, 2740, 2600 (Bohlmann bands), 1600 


ir . 
(CD,C1,) : 


(aromatic), 1355, 1170 (SO,) cm 


nmr GO. Use (a. = Ollz s -CHz), 2.44 (s, ArCH.,), 


(CDC1,) ° 
4,24. (m, HOTS), 79st (a, J=siiz, ArH), 7.77 (d> J=8H2, 
ArH). 

mass spectrum: Ge neaNce ac, m/e calcd. 363.1868, meas. 
363.1868(14), 363(14), 362(7), 208(7), 194(7), 193(12), 


T92Z(100),, 190015), 91013), 155 (9), 41020). 


2-Methy1-8[2-(1,3-dithiolanyl) ] -3acis-9acis-perhydro-9b- 


azaphenalene, 87 


Hemiketal 76 (146 mg) was dissolved in dry THF 


(10 ml) and treated with pyrrolidine (54 ul, 1 equivalent) 
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and acetic acid (73 ul, 2 equivalents). The solution was 
heated to reflux under a nitrogen atmosphere for 24 hours. 
The reaction mixture was worked up as before and ketone 81 
was isolated as a pale yellow oil (116 mg, 87%). Ir of 
this material showed no absorption for starting material 


and was consistent with the tricyclic ketones isolated 


previously. 


The oil was dissolved in ethanedithiol (1 ml) 
and freshly distilled borontrifluoride-etherate (140 ul, 
2 equivalents) was added. The solution was stirred at 
room temperature for 12 hours. Water (5 ml) and methylene 
chloride (5 ml) were added. The aqueous layer was extracted 
with methylene chloride (5 ml) and the combined extracts 
were washed with 4N aqueous sodium hydroxide (3 x 5 ml), 
then water (5 ml), brine (5 ml), dried and evaporated to 
give a pale yellow oil (125.5 mg), which was one diffuse 
spot, Re 0.6, on tlc (alumina, chloroform) and was used 
in the next step. 
pd CS (otied no iss inet 
mass spectrum: C1 oH 5N S5> m/e calcd. 283.1429, meas. 
3853943922294 (Mit al) 6) 91283 (27) f 1282 (Zs 2222 (10); 
790016) $7164E4) 56152 016}5 (051 (100) 90150 €28).5 512669) ; 


109(5), 108(4), 82(4), 55(7), 54(4). 
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2-Methyl-cis,cis,cis-perhydro-9b-azaphenalene 88a and 


2-methyl-cis,trans,cis-perhydro-9b-azaphenalene, 88b 


Crude thioketal 87 (250 mg) was dissolved in 95% 
ethanol (5 ml) and added to a slurry of W-2 Raney Nickel 
(approx. 2.8 g) in ethanol (30 ml). The mixture was 
heated to reflux for one nhOm@Letic cooled mixture filtered 
and the filtrate evaporated to give a pale yellow oil 
(129. 4°mg). <A further 872 mp was obtained by Soxhlet 
extraction of the nickel with 95% ethanol (40 ml) for 24 


hours. 


The reduced material consisted mainly of two 
compounds (tlc, alumina, chloroform of Re Oi Sanall Gin Usseuhns 
These were separated by preparative tlc on alumina with 


chloroform as eluent. 


The less polar fraction (44.3 mg), 88a. 
it neat): 2770, 2710, 2600 (Bohlimann bands). 


nmr SoU sG Udy > wide Siz), CH 


(once zy 

mass spectrum: m/e 193(39), 192(76), 178(14), 176(10), 
1SPESTR? 151(28), 150(22), 137(13), 109(13), 96(14), 

95 (9972292(25), S1(80), 79017), 77(13), 69(20), 68(28), 
67(90), STitz sar lass (R1), 54(89), 53(30), 52(12), 


S1(10), 44012), 43(28), 42(12), 41(100). 
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The more polar fraction (20.2 mg), 88b 
eT heat) no Bohlmann bands. 


nmr So) O85 (d5.05 5, J -6Hz, ~CHz), Lyle xe See 


(nei 5° 
Gaz 3; N-CH). 
mass spectrum: C,3H23N, m/e.calcd,.1935.18351, meas. 
193.1825(41),1192487)o<178(28)ea 164 (43) pwl52(45)§.151(79)% 
P1672 jo lis 2155), , 01 566500 sele lie sew 110017), 108(16), 
94640), 96(23),5 94445) 2 BE(S7)euS4 (25), 83(50) 5232€24), 
62423). 80(1S), 79(16) ,27015,.. 09127) -_68(23),.67(31), 
60607 571201550 ( 20)" ahs OG ott Soh 55.024) 5447 (24); 


RAUAD)S  43(35)4: 42(27) 5 400100). 
2-Methyl-cis,trans ,cis-perhydro-9b-azaphenalene N-oxide, 92 


Amine (11 mg) was dissolved in chloroform (Z ml) 
and treated with a solution of 100% m-chloroperbenzoic 
acid (15 me, 1.5 equivalents) in chloroform, (1 ml). The 
solution was stirred at room temperature for four hours, 
then eluted through basic alumina with further chloroform 


(25 ml). Evaporation gave a pale yellow solid (10.5 mg). 


: =I 

TaeGnCt) 3550, 2490 (hydrated form) cm 

Bie (Der) & 058000, J=GHz, CH,), 3.31 (m, -NCH). 
mass spectrum: C,3H23NO0, m/e calcd. 209.1780, meas. 


209.1788(16), 194(9), 193(17), 192(100), 176(8), 164(12), 
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150(14), 96(13), 82(17), 81(16), 79(11), 69(13), 68(15), 
Gr (26), 56(10) , 554470 S4(20)> $3(213, 43 (107) 42710); 
41(95), 39(38). 


2-Methyl-cis,cis,cis-perhydro-9b-azaphenalene N-oxide, 90 


Amine 89 was oxidised to the N-oxide in exactly 
the same manner as described above. 


nmr é On9LIG4, 56 J26Hz [1GH3), 2.84 (m, 3, N-CH). 


(CBéLZJ- 
“emt cepey .)' SPT SGC carbone 73 2312). 356812) 35-6(2), 
S0.1(1). CT TUL 2 Leese tier) » 

mass spectrum: C,3H,;NO, m/e calcd. 209.1780, meas. 

TOO staeetlii: 20st yt 19421), 195(13), 192(75), 176(8), 
164(6), 152(9), 150(11), 140(9), 100(29), 96(6), 95(6), 
84(14), 82(9), 81(12), 80(6), 79(8), 69(13), 68(11), 
67(22); So(20)7 55(56), 54(15), 53(17), 43(13), 4220), 


41(100), 39(38). 
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Il: TOWARDS THE SYNTHESIS OF LUCIDULINE 
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DN eRe Duc. T t ON 


The presence of alkaloids in the genus Lycopo- 
dium (family Lycopodiceae) was first observed in 1881 when 
Bodeker reported the isolation of a base from Lycopodium 
complanatum L. After five decades of inactivity, research 
in this area was reported by Achmatowicz and Uzieblo when 
ehesy isolated and characterized three alkaloids from 
L. clavatum L. This was followed by a series of publica- 
tions by Manske and Marion, and then the publication by 
Weisner and co-workers of the structure of annotinine. 
Since that time the number of Lycopodium alkaloids isolated 
and characterized has increased greatly and now at least 


nine different skeleta are known. 


Comprehensive reviews by MacLean? and by Ayer 
give brief descriptions of the work which was carried out 


on these alkaloids up to 1973. 


The alkaloids have been divided into nine groups- 
and a representative of each of these is shown in the 


following chart. 
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At the outset of the work described in this part 
of the thesis only lycopodine, 1, and annotinine, 2, had 
been prepared by total synthesis. Since lycodine, 3, has 
been prepared by transformation of lycopodine, the syn- 
thesis of the latter compound represents its (lycodine's) 
formal synthesis. Dihydrodeoxyepiallocernuine, a degra- 


dation product of cernuine has also been synthesised. 


These syntheses have been reviewed by Ayer? 


Luciduline, a weakly basic alkaloid isolated 
from Lycopodium lucidulum, was purified, characterized 
and its structure elucidated in the 1960's>. The alka- 
loid is a colourless oil which solidifies below room 
temperature and has empirical formula, C,3H,,NO. Its 
infrared (ir) spectrum shows absorption bands at 2780 
(N-CHz), 1690 (C=O) and 1400 (methylene adjacent to 


carbonyl) cm +, Deuteration (DC1-CH,COOD, room tempera- 


5 
ture) leads to luciduline-d,, which does not show a band 
at 1400 cm! in the ir spectrum. Reduction of luciduline 


with sodium borohydride in methanol gives dihydroluciduline. 


A thorough analysis of the nuclear magnetic 
resonance (nmr) spectra of luciduline, dihydroluciduline, 
O-acetyldihydroluciduline (prepared by treatment of 


dihydroluciduline with acetic anhydride-pyridine), 


on 
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luciduline-d, and its similar derivatives, enabled the 


authors to propose part-structure 10 for luciduline 


The hydrogen at the asterisked carbon is non- 
enolizable. Further information on the structure of the 
alkaloid was made available by selenium dehydrogenation 
of luciduline and dihydroluciduline which both gave, in 


greater than 30% yield, 2,6-dimethylnaphthalene, 11. 


These data coupled with the biogenetic pathway 
which was then favoured for Lycopodium alkaloids’?”?° 


led to part-structure, {1Z. 


The final bond ee the nitrogen must be attached 
to one of the starred carbons to satisfy the spectral data. 
Of the starred carbons, only carbon a can be attached to 
the nitrogen and lead to an essentially strain-free 


molecule, 13% 
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Several attempts were made to cleave the ketone - 
containing ring but all of these were unsuccessful. During 


this search dehydroluciduline, 14, and bromodehydrolucidu- 


bine, 15," were’ prepared. 


N 
CH3 Es X= H 
15 =), Gr. 
16 X = OH 
X 


The former was obtained when luciduline was 


oxidized with selenium dioxide in an attempt to prepare 
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the diosphenol 16. Compound 15 resulted when luciduline 


was treated with two equivalents of bromine in chloroform. 


The mass spectra of 14 and 15, along with those 
of luciduline and dihydroluciduline, were very informative 
and were completely explainable by fragmentations of 


structure 13 and its derivatives. 


In order to confirm this structure, and to assign 
the stereochemistry at C-8, p-bromobenzoyldihydroluciduline 
was prepared, crystallized and subjected to X-ray diffrac- 
tion. The results of this study verified the proposals and 
showed that luciduline has the structure and stereochemistry 


depicted in 9. 


As a final chapter to the chemistry. of this alka- 
loid, it was decided to synthesize luciduline in the labora- 
tory. An analysis of the structure shows that there are 
three types of bicyclic molecules which could act as 


reasonable synthons. 
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Synthesis of a suitably functioned cis-decalone 
corresponding to the A,B rings in 9 and closure of the 
C-ring is an approach which was originally tested in these 


7.8 : : 
7. SittrserOoulLe Was) Unsuccessttl, and it was 


laboratories 
felt that this was due to the conformational mobility of 
the intermediate cis-decalone. An approach via the B,C 

rings with subsequent closure of the A ring also proceeds 


through a conformationally mobile cis-perhydroquinoline 


derivative. 


The remaining approach is via a bicyclic com- 
pound containing rings A and C. This intermediate would 
be a functionalized bicyclo[3.3.1l]nonane system. Because 
of its conformational rigidity, and automatic inclusion of 
the required stereochemistry at the ring junctions, it was 


decided that this would make an ideal intermediate. 


Thus, this part ofthe thesis’ describes attempts 


to synthesize compound 17. 


CH 
N 


It was anticipated that subsequent addition of 


ring B to this intermediate would lead to luciduline. 
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De le Sa Sn Up So S.di 0 N 


The starting material for the synthesis of the 


bicyclic compound 17, was nicotinic acid, 18. 


N ¢ CH3 PS) 
a we ZN© CH3SO4 
Ww 
COOH hee ee 


There are two previous reports describing the 
methylation of this compound to the N-methyl salt and sub- 
sequent oxidation to 1-methyl-2(1H) -pyridone-5-carboxylic 
acid, ae In both of these methods, acid 18 is treated 
with dimethyl sulphate to produce the salt 20. The first 
method of oxidation” used 30% aqueous hydrogen peroxide in 
a solution which was basified by the addition of excess 
sodium hydroxide. Repetition of the conditions described 
produced material which from its infrared (ir) spectrum 


appeared to be inorganic. 


The second method described by Bradlow and 
Vanderwerf> uses potassium ferricyanide in basic solution 
as oxidizing agent. Duplication of these conditions fol- 
lowed by acidification to pH 3.5, using 10% sulphuric acid, 


precipitated the pyridone-acid, which was isolated by 
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filtration. At this stage the acid was found to be a green- 
blue colour. This colour, which is presumably due to the 
presence of ferrous salts formed in the reaction, could not 
be removed by recrystallization from water. It was found 
that the best method of purification of the acid was by 
Soxhlet extraction with diethyl ether. In this way a 59% 
yield of crystalline acid (m.p. 238 - 239°, Lit.” 239.5 - 


240.5°) was obtained. 


The intermedgate required for, further, elaboration, 
1-methy1-Z-piperidinone-5-carboxylic acid, 21, is available 
by catalytic hydrogenation of the pyridone-acid. In his 
book on catalytic hydrogenation’?, Augustine refers to hydro- 
genation of pyridones and pyridone-acids to the piperidi- 
nones making use of platinum oxide in acetic acid at 50 
psil®, These conditions gave only recovered starting 
material (ir). Augustine also describes the use of sup- 
ported rhodium to effect hydrogenation of heteroaromatic 
molecules-!, The use of 5% rhodium on charcoal in acetic 
acid was no more successful than with the platinum catalyst. 
However, the use of 5% rhodium on alumina (20% by weight of 
pyridone-acid) in acetic acid at 40 - 50 psi succeeded in 
the quantitative reduction of 19 to 21. Recrystallization 
from ethyl acetate-chloroform produced colourless crystals 
12 


(m.p. 186 - 188°, Lit r92°). 
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ots eH Gt 
N N N OLi 
0 R—-C—OLi 
H = CH, 
21 22 23 24 


In theory, treatment of compound 22 with a strong 
base such as sodamide may give the anion at the carbon a 
to the lactam carbonyl1?°, If ,thisyis theicase,internal 
Michael-type addition to the vinyl ketone would then produce 


the bicyclic compound, 23. 


Carboxylic acids can be converted into ketones 


se Thus a synthesis of com- 


by using organolithium reagents 
pound 22 could possibly be performed by reaction of yinyl- 
lithium with acid 21. The reaction requires two equivalents 
of lithium reagent. The first neutralizes the acid to form 
the lithium salt and the second adds to the carbonyl carbon 
to produce a dilithiated intermediate such as 24 (if methyl- 
lithium is used)... It was felt that the second mole of 
organolithium reagent would not attack the carbonyl carbon 
of the lactam. This carbon should be a relatively poor 


electrophile as is generally the case for the carbonyl 


carbon of amide moieties. 
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An alternative to the use of two equivalents of 
organolithium is to preform the lithium carboxylate by addi- 
tion of an equimolar quantity of lithium hydride to the 


14d" This is the method which was used here. 


carboxylic acid 
Following addition of a solution of acid, 21, in anhydrous 
dioxan to an equivalent of lithium hydride suspended in 
dioxan and 2%hours reflux the mixture was cooled to 10°. 
An equimolar amount of a solution of vinyllithium in tetra- 
hydrofuran (THF) was added and the mixture stirred for 

two hours. The reaction was quenched with dilute aqueous 
hydrochloric acid and worked up to give a mixture of an 

0il and a solid. The solid was shown to be identical with 
Starting acid (ir and mass spectrum). The oil was shown 


to be mineral oil, originally present in the solution of 


vinyllithium in THF. 


The reaction was repeated, but this time the 


lithium saltswas isolated. ‘The ir spectrum cf this solid 


fi 


shows a band due to the lactam carbonyl at 1630 cm ~ and 


: due to the carboxylate anion. The 


a band at 1580 cm_ 
reaction with vinyllithium was repeated as before to 
afford two immiscible oils. Mineral oil was isolated 


by column chromatography. over alumina. Elution with 


chloroform gave a yellow oil, the nuclear magnetic 
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resonance (nmr) spectrum of which shows very little 
absorption around 6 2.80 for the N-methyl. There are 
Signals attributable to olefinic hydrogens in the region 
oo 30. Therefore, it seems that attack by the vinyl- 


lithium has occurred at the lactam carbonyl. 


The failure of this approach led to an inves- 
tigation of the possibility of synthesizing 22 from the 


aciad Chloride, 25. [It is possible’ to prepare ketones 
ne 
N 


05 25 


Cl 


from carboxylic acid halides using organocadmium reagents! 


or organocopperlithium reagents-°. Unfortunately, it was 
not possible to find a reliable method to effect the syn- 
thesis of the acid chloride. Treatment of a suspension of 
the acid in dry benzene at 5° with two equivalents of oxalyl 
chloride!’ gave no reaction, a 90% recovery of starting 
material being observed. Repetition of the reaction but 
under reflux conditions gave a 35% recovery of starting 
material, isolated by filtration of the reaction mixture, 


together with a dark gum isolated after evaporation of the 


solvent. The nmr spectrum of this gum in deuteriochloroform 
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had no signal around 6 2.8 for the N-methyl group. 


A slight excess of thionyl chloride was added 
to the acid at room temperature. There was an immediate 
reaction with evolution of gas and dissolution of the solid. 
After half an hour the material had solidified and after 
removal of the remaining thionyl chloride a dark gummy 
solid was formed. This showed spectral characteristics 
Similar to those observed for the product of the previous 
reaction. The reaction with thionyl chloride was repeated 
using methylene chloride as solvent. The gummy solid ob- 
tained after work up seemed to contain some acid chloride 
(ir), but several attempts to form an anilide from this 


material were unsuccessful. 


Perhaps the mildest method for the formation of 
acid halides is the treatment of the sodium salt of the acid 
with oxalyl aniepeent? This method has the advantage that 
the only by-products are sodium chloride, carbon monoxide 
and carbon dioxide. The sodium salt was formed by dissolving 
the acid in water containing an equivalent amount of sodium 
hydroxide and freeze-drying the solution. Alternatively, the 
sodium salt could be prepared by treating a solution of the 
acid in dry diglyme with an equimolar amount of sodium 


hydride and filtering the precipitated sodium salt. The 


sodium salt was suspended in dry benzene and treated with 
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a slight excess of oxalyl chloride with a few drops of 
pyridine added as catalyst. Following work up a dark brown 
gum was observed. Repeating the reaction with methylene 
chloride as solvent a yellow solid was obtained and this was 
shownto, be predominantly “the acid, 21, (ir, nmr). ‘This 
result can be explained by formation of the acid chloride 
and subsequent hydrolysis of this to the acid. Again it 
proved impossible to form an anilide after repetition of 
this reaction even when ensuring that anhydrous conditions 


prevailed until the work up. 


These results were very disappointing and frus- 
trating and can possibly be explained by assuming a more 
basic character for the lactam than was originally sus- 
pected. Reaction of the amide nitrogen with acid chloride 
could then lead to polymeric products which were indeed 


observed in the majority of cases. 


The ‘inability ‘to’ ‘form the acid’ chioride resulted 
in ay ‘attenpt ‘to “functionalize ther acid proup’ of the’ pyri- 
dene -acid, 19, prior to reduction of the ring. The first 
such approach was via ketone 27, which could then be 
hydrogenated and the resulting methyl ketone transformed 


into the vinyl ketone. 
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CHs CHs Hs 
N N N 
| ZA Zz 
26 27 28 
Cl CH3. CH3 


Acid chloride, 26, was prepared in quantitative 
yield by treatment of acid, 19, with thionyl chloride under 
reflux. The acid chloride displays absorptions at 1760 cm} 
for the acid chloride carbonyl and 1680 cm! for the lactam 
carbonyl in the ir spectrum. This compound was further 
characterized by conversion to the anilide. It may be noted 


that in this case, with the presumably much less basic amide 


nitrogen, acid chloride formation offers no problem. 


As mentioned previously it is possible to convert 
acid halides to ketones using organometallic reagents/>+1®, 
An 80% yield of peeenel ketone, 27, was obtained when the 
acid chloride was treated with dimethylcopperlithium in 
ether at -78°. The nmr spectrum of this ketone displays 


a 3-proton singlet at 6 2.47 attributed to the methyl ketone 


and a further singlet at 6 3.65 for the N-methyl group. 


Hydrogenation of this methyl ketone over 5% 
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rhodium on alumina (25% by weight of ketone) in absolute 
ethanol at 35 psi for four days gave a colourless oil which 
appeared to be a mixture of two compounds, the alcohol, 50, 


mideKetone, Jo, ined bats Ol se (by nmr) . 


The ir spectrum of this mixture displays peaks 


: 1 (C=0), and 1640 cm! (1actam 


1 


Ht.36050.cm 7.{OH). 1925 ene 
carbonyl). The spectrum is devoid of peaks at 1700 cm 
and 1675 cm + attributed to the pyridone-ketone. The nmr 
Spectrum shows a singlet integrating for 3 protons at 
6.2.95 (N-CH,), a singlet £0, 2/5. pEeotons at 6° 2.22 
(CO-CH,) anda doublet (J=6Hz) for 2°173 protons at's 1.20. 
The latter signal appears as two doublets, which can be 
explained by the formation of the new asymmetric centre at 
the carbon now bearing hydroxyl thus resulting in two epi- 
mers. A shorter period of hydrogenation was found to give 


a mixture of ketones 27 and 28 accompanied by the alcohols 


29 and ou. 
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The original mixture (i.e., 28 and 30) was 


treated according to Brown's two-phase oxidation proce- 


Ao Os in fiz o0 


Zh Pamie 
a Gark O11 was Ootadined. Tic of this oil (alumina, chloro- 


dure (Na,Cr -CH,C1.) and a 25% recovery of 
form) showed a streak along the length of the plate and the 


oil was not further investigated. 


On the assumption that ketone 28 could be prepared 
satisfactorily it would be necessary to convert this into 
the vinyl ketone, 22. A short model study was initiated in 
which attempts were made to synthesize vinyl ketone, 31, 


from methyl ketone, 29. 
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In 1971 Eschenmoser described the synthesis of 
dimethyl(methylene) ammonium iodide, tre and suggested that 
this reagent could be used in reactions of the Mannich type. 
Ketone 27 was reacted with 32 using the conditions de- 


scribed2? and the only compound obtained was found to be 


identical with starting material (ir and nmr spectra). 
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Similarly treatment of ketone 29 under Mannich reaction 
conditions?! (dimethylamine hydrochloride, paraformaldehyde, 
ethanolic hydrogen chloride) gave material identical with 


starting material. 


The difficulties which were being observed with 
this scheme led to consideration of an approach via the 


aldehyde, 33. 
H3 CH3 


HO 33 H 34 35 


Treatment of this aldehyde with vinyllithium 
should give the allylic alcohol, 34. Conversion of the 
alcohol to a good leaving group (p-toluenesulphonate for 
example) followed by treatment with strong base should lead 
to the bicyclic compound, 35. Alternatively, the alcohol 
34, could be oxidized to the vinyl ketone using manganese 


dioxide and this could be cyclized as suggested previously. 


There are two possible routes,to.33...Ester deriv- 
atives of the piperidinone acid, 21, could be reduced, or 


the aldehyde grouping could be formed and protected prior 


er | ua * Ae on 


spitoset doinneM’ Toba es wena iy 
. gebydebisay0? stag obi gee ‘oni 
daiw Ispianebi Istyotsm ove (obisonte 


dziw yeveitbeo: sand 19 ease eon Sra oat Beigie 
of4 atv dosorqye a6 Jo nolterobieaoa a Set eanioe 


multi Linniv. Atiw eblyttotrs eka ‘to asia 
ons to nokeveuno) . BE, fododte atteie +f ak biuode 
toi eapneiigiuresnguty- “2. quiets ativesl boog a of asta ; 
back biwode Sead gnorse tin jaompentd yd bowoliot (otqmaxe, 
fodorke sits evitennesié RE Lbruognas si fayaid: ots ot i 
Skonnyasm ghies enddod ixaty sits 03 bor ibixe od bivoy bz - 
Niewotverq hecosyauip te baritoxs od botudiaaiets has ebixotb 


5 plies | ans ; em. 


~eisab rose Ad ah ae ee els iy 
ha ' ' beg Fea <4 


Ro eovirs 
2 ae ne ON av ; 


13% 


to reduction of the pyridone ring. Initially experiments 
were directed to the first ofr these possibilities. The 
piperidinone acid was esterified in 75% yield using absolute 
ethanol and concentrated sulphuric acid as catalyst. The 
ethyl ester so produced shows carbonyl absorption in the ir 
spectrum at 1740 and 1650 oe The nmr spectrum shows a 
triplet (J=7Hz)¥Mntegrating for 3 protons “at 6 1.28 and a 
quartet .(J=7Hz), 2 pretons at 6 4,20 in addition: to the 
Singlet for the wN=methyl yeroupiat.6 2.97. «Lt has. been .re- 
ported? that esters can be reduced to aldehydes using 
diisobutylaluminium hydride in benzene at 5°. Treatment 

of the ethyl ester with diisobutylaluminium hydride in dry 
benzene at 5° produced a 40% recovery of a dark brown oil 
which shows at least four compounds by tlc (alumina, chlo- 
roform) and which has an nmr spectrum displaying very little 


N-methyl at 6 2.95. It appears that the reducing agent has 


attacked the lactam carbonyl in addition to the ester. 


me that phenyl esters can be 


Brown has reported 
reduced to aldehydes using lithium tri-t-butoxyaluminium 
hydride (LTBA) in tetrahydrofuran at 0°. Especially he 
has noted that cyclohexanecarboxaldehyde can be prepared 
from the corresponding phenyl ester, 37, in 58% yield. 
Normally phenyl esters can be prepared by proceeding 


through the acid chloride. However, in the case at hand 


the acid chloride had been impossible to isolate. Thus 
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a method to form the phenyl ester directly from the acid 


was required. 


A synthesis of the phenyl ester, 36, was realized 
by heating the acid, 21, phenol and phosphoryl chloride in 
the ratio 2:2:1 respectively, at 120° for one hour. The 
phenyl ester was extracted from the residual gum by re- 
fluxing with benzene and decanting the resulting solution 
from the gum containing phosphorus salts. In this manner 
a 74% yield of phenyl ester was obtained. The ir spectrum 
of this oil shows carbonyl absorption at 1760 and 1650 cmt, 
The phenyl ester was treated with one equivalent of a 
freshly prepared solution of LTBA in THF at 0° for 
one hour. The only material obtained from this reaction 
was an 85% recovery of starting material (ir and tlc). 


Repetition of the reaction for 24 hours at room temperature 


was no more successful. 


Attempts were then directed to the alternative 


route, via a protected aldehyde such as 38. 
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The aldehyde, 39, was prepared by Rosenmund 


reduction of acid chloride, non 


Hydrogen gas was passed 
through a refluxing solution of the acid chloride in ben- 
zene, 5% palladium on barium sulphate being used as cata- 
lyst (20% by weight of acid chloride). After four hours 
there was an approximately 1:1 mixture of acid chloride 
and desired aldehyde (by nmr). When the reaction was per- 
formed in refluxing toluene for four hours it was possible 
to zsolate a 90% yield of the aldehyde, after recrystalli- 
zation from Skellysolve B-benzene. The nmr spectrum of 
this aldehyde shows a singlet integrating for one proton 
ats 9-63, and the ir spectrum displays a carbonyl peak) at 
1700 fait? in addition to that for the lactam carbonyl at 
1675 eno. Simple acetals of this aldehyde, i.e., ethylene, 
dimethyl, diethyl, were found to be unstable so it was 


necessary to use a more stable one, such as that formed 


from 2,2-dimethyl-1,3-propanediol. This acetal was formed 
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by treatment of equimolar amounts of the aldehyde and the 
diol with a catalytic amount of p-toluenesulphonic acid in 
réluxing benzene under a Dean-Stark trap. In-a similar 
fashion 4-methyl-2,4-pentanediol was used and the corres- 


ponding acetal isolated. 


Hydrogenation of either of these acetals over 
% rhodium on charcoal in ethanol produced the required 
reduced acetal, 40, for example, but always accompanied 


by 25 - 50% product of hydrogenolysis. 


The required acetal was purified by chromatogra- 
phy over alumina and elution with benzene. All attempts 
to isolate the hydrogenolysis product from the column were 
unsuccessful. The mass spectrum of the crude reaction 
product, prior to chromatography, displays a peak at m/e 
227 for the¥réquired? product .©© Th" addition; » there*1s”a~ peak 
at m/e 229. The ir spectrum (neat film) of the crude 


product shows strong absorption at 3420 cm + attributable 
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to hydroxyl. The nmr spectrum of the purified acetal 
displays 3-proton singlets at 6 ae eee: and 2.93 and a 
one-proton doubletvat 6 4553, 'J=4.5Hz. The: crude ‘product 

in addition to these peaks has a strong singlet at 5 0.88 
and a singlet at 6 3.43 not attributed to the acetal. 

These spectral characteristics ‘are consistent with structure 


41 for the hydrogenolysis product. 


have reported that hydrogen- 


Dart and Henbest 
olysis can be eliminated in the platinum metal hydrogena- 
tions by using sodium nitrite as a partial inhibitor. 
Although no report could be found for the use of this 
inorganic salt in rhodium metal hydrogenations, it was 
decided that its effect should be investigated. Sodium 
nitrite (25% by weight of catalyst) was dissolved in water 
and added to the hydrogenation mixture. The reaction was 
much slower (about twice as long was needed before starting 
material had all disappeared) but the nmr spectrum showed 
that very little product of hydrogenolysis (less than 2%) 


was present in the crude reaction mixture. Compound 41 


was purified by chromatography. 


With the required acetal in hand, conditions for 
its hydrolysis to the aldehyde were sought. Unfortunately, 
it appears that both the diols described are far too effi- 


cient at protecting aldehydes since under no conditions 
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could hydrolysis of the acetals be achieved. The following 
methods all led to recovered starting acetal (tlc, ir, nmr): 
dilute hydrochloric acid in aqueous acetone; aqueous tri- 
fluoroacetic acid; 20% aqueous methanolic sulphuric acid; 
aqueous THF, chloral. Other laboratories report that they 
have been unable to hydrolyzevacetals-of 2,2-dimethyl-1,3- 


propanediol°, 


Staab2/ has reported that imidazolides formed from 
acids are excellent intermediates for further modification 
to aldehydes, ketones, etc. They are especially useful when 
the acid halides are difficult or impossible to prepare. 
Aldehydes can be formed by reduction of the imidazolide with 


0.25 molar equivalents of lithium aluminium hydride. 


CH3 


Because of the difficulties encountered previously 
with reduction of the lactam carbonyl, it was expected that 
lithium aluminium hydride would be too reactive. However, 

a less reactive nydeian such as LTBA should not attack the 


lactam. In the review, Staab reports that the imidazolides 
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can be prepared from either N,N'-carbonyldiimidazole or 
N,N'-thionyldiimidazole. The latter reagent is easily 
prepared in situ from thionyl chloride and imidazole so 
this was the reagent used in this investigation. It is not 
necessary to isolate the imidazolides; their solutions can 


be. used directly in the following step. 


In all cases the imidazolide, 42, was prepared in 
the following way. Imidazole in dry THF was added to 0.25 
molar equivalents of thionyl chloride under nitrogen. To 
the mixture, now containing N,N'-thionyldiimidazole, was 
added the acid 21 (equimolar quantity). This mixture was 
stirred for half an hour then filtered under nitrogen. The 
solution now containing imidazolide 42 was used in subse- 
quent reactions directly. Treatment with two equivalents 
of LTBA in THF followed by acid work up gave a yellow solid 


which was identical with starting acid (ir, nmr). 


Treatment of the imidazolide solution with two 
equivalents of vinyllithium in THF at -78°, followed by acid 
work up gave a poor yield (approx. 25%) of material showing 
at least four compounds on tlc (alumina, chloroform). This 


material was not investigated further. 


It has been reported by Spero, McIntosh and Levin?® 


that thiolesters can be reduced to aldehydes using partially 
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deactivated Raney Nickel. Although Staab makes no comment 

on it, it was expected that thiolesters could be synthesized 
by addition of the sodium salt of the thiol to the imidaz- 
olide. Indeed thiolester 43 was prepared in 50% yield by 
the addition of the sodium salt of ethanethiol to the imidaz- 
Olide solution. The thiolester has carbonyl absorptions 

at 1645 cm! (lactam) and 1680 cm! (ester) in the ir 


spectrum. 
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SCH.CH, “4% CHO 33 


a as miemieniat ed by washing 


Fresh Raney Nickel-W2 
with acetone and then heating to reflux in acetone for two 
hours. To this mixture was added the thiolester in acetone- 
water (1:1) and the mixture was refluxed for one hour. Work 
up of the reaction gave a mixture which showed two spots on 
tlc (alumina, chloroform). The mixture was separated by 
chromatography over alumina. Elution with benzene gave the 


less polar compound which was identical (ir, tlc, nmr) with 


starting thiolester. The more polar compound was isolated 
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by elution with benzene-ether (1:1). The ir spectrum in 
chloroform shows a peak at 1640 cn! for lactam carbonyl 
and one at 1735 cm” possibly attributable to aldehyde 
carbonyl. The mass spectrum has parent at m/e 141, (exact 
mass C5H, ,NO. 
nmr spectrum shows a 3-proton singlet at 6 2.97 for the 


calculated 141.0790, observed 141.0788). The 


N-methyl and a one-proton singlet at 6 9.70, attributable 
to an aldehyde proton. Examination of structure 33 pre- 
dicts that this resonance should be a doublet, but vicinal 


couplings to aldehydes are small. 


At this time it became intriguing to consider 
whether this aldehyde could be synthesized from the acid 
via the acyl nitrile. In principle, the reduction of acyl 
nitriles should produce cyanohydrins, which on base hydrol- 
ysis would yield aldehydes. Application to the synthesis 
of aldehyde, 33, would necessitate a synthesis of acyl 
nitriles from acids which did not proceed via the acid 


halide, since this had been impossible to synthesize. 


A literature search produced only one method for 
the synthesis of acyl nitriles - the reaction of acyl halides 
with inorganic cyanides”?. The conditions of synthesis are 
quite drastic since they involve heating the acid halide to 
its melting point in the presence of cuprous cyanide in the 


absence of solvent. The acyl cyanide is then distilled from 
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the flask. Apart from the high temperatures employed, 
of major concern is that acyl chlorides and acyl cyanides 
have very similar boiling points (for benzoyl chloride 


and benzoyl cyanide, 195° and 205° respectively>*). 


Ideally, then, a new method for synthesizing acyl 
cyanides should be much milder than the one already men- 
tioned. Of the common organic solvents, only alcohols are 
polar enough to dissolve the inorganic cyanides. However, 
alcohols react with acyl cyanides to form esters and hydro- 


or To enable the usevof less polar solvents, to 


gen cyanide 
which the acyl cyanides are unreactive, an organic soluble 
source of cyanide ion is required. Tetraalkylammonium 
halides are excellent sources of organic soluble halide 
ion?”, so the ammonium cyanides should have similar pro- 
perties. This soluble’ cyanide’ ton ‘source’ could then be 
used to effect nucleophilic substitution on a suitably 


activated carbonyl group. 


A Dowex-1X8 anion exchange column was converted 
to cyanide ion form by washing the column with aqueous 
sodium cyanide. Repeated rinsing to remove excess cyanide 
produced a column suitable for the required transformation. 
Tetrabutylammonium iodide was dissolved in water and eluted 
through the column. Evaporation and drying followed by 


recrystallization from ethyl acetate produced tetrabutyl- 
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ammonium cyanide (Bu, NCN) as colourless needles. The ir 
spectrum in chloroform shows absorption at 2080 cmt 
attributed to cyanide. In a similar way the tetramethyl 
and tetraethyl salts were also prepared. The tetramethyl 
salt does not possess solubility advantages since it is 
insoluble in such solvents as THF, ether and benzene. The 
tetrabutyl salt, *in contrast, is réadily solubte’ Intall of 
these solvents. However, it is extremely hygroscopic 


necessitating use of the dry box to facilitate weighing 


and transfer. 


Throughout the work benzoic acid was used as sub- 
strate, the desired cyanide then ibeing benzoyl cyanide. 
There is a literature preparation of benzoyl cyanide from 
benzoyl chloride?! and this was repeated to enable com- 
parison of crude mixtures with an authentic sample of the 
required product. Benzoyl cyanide has a very distinctive 
peak at 1680 cn! in the ir spectrum and this peak was used 
as criterion for the presence or absence of benzoyl cyanide 


in the crude reaction mixtures. 


Several methods for activation of carboxylic acids 
to nucleophilic attack were used and the resulting inter- 
mediates treated with one or other of the tetraalkylammonium 
salts. Barstow and Hruby have published a synthesis of 


amides from acids via the triphenylphosphonium salt, 44>4, 
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@ S, 
Q3P + CCl, ——> Q3P—CCI; Cl LRCOOH ss 


@--...O 
RCOOPR,Cl + CHCl, 
44 


ep ayo. ea ® © 
RCOOPS,CI + RZNH ——> RCONR) +3P0 + R,NH,CI 


The intermediate acyloxyphosphonium salt 45, was 
formed by treatment of triphenylphosphine with carbon tetra- 
chloride in refluxing THF followed by cooling to 0° and 


addition of an equimolar quantity of benzoic acid. 


@) 
Ni) fee nee BugNCN 
z ae 
8.C-OP®,4CI an 
4S 


After stirring for half an hour an equimolar 


amount of Bu, NCN in THF was added. The precipitated salt 


45 dissolved and a red solution was formed. One hour's 

reflux followed by evaporation of the solvent gave an olive- 
green syrup. The ir spectrum (in chloroform) of this mate- 
1 


rial is devoid of absorption around 1680 cm The material 


was not investigated further. 
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The remainder of the work towards the synthesis 
of benzoyl cyanide was directed to methods via anhydrides. 
In the first such method benzoic acid was treated with 
p-toluenesulphonyl chloride in acetonitrile containing 
pyridine. This mixture was refluxed for half an hour then 
a slurry of two equivalents of tetramethylammonium cyanide 
(Me , NCN) in acetonitrile was added. After a further period 
of reflux the mixture was worked up to produce an oil which 
shows peaks at 1790 and 1730 cnt, attributaule to Denzo1c 
anhnvyarrde, in¢cne ay spectrum. in dddition there is strong 
absorption at 1680 cm + and all the peaks characteristic of 
the fingerprint region of the spectrum of benzoyl cyanide 
are present. This reaction presumably takes place via 
benzoic anhydride>> so the yield could never be better than 
50%. However the promising result suggests that some form 


of mixed anhydride may serve to activate the acid. 


Mixed anhydride, 46, can be synthesized by treat- 


ment of benzoic acid with equimolar amounts of ethyl 


chloroacetate and triethylamine in acetonitrile’. 
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Micucci and co-workers have shown that mixed anhy- 
drides formed from ethyl chloroacetate and the acid can be 
used for a high yield synthesis of amides”°. Treatment of 
the mixed anhydride in acetonitrile with a solution of tetra- 
ethylammonium cyanide (Et ,NCN) in acetonitrile gave a product 


which showed no absorption at 1680 cmt im the ir spectrum. 


The benzoyl cyanide which had been synthesized 
earlier allowed experiments to be directed towards the reduc- 
tion to the cyanohydrin. Addition of a solution of benzoyl 
cyanide in dimethoxyethane (DME) to a slurry of sodium boro- 
hydride in the same solvent resulted in an immediate exo- 
thermic reaction. Work up gave a liquid (b.p. 164 -"166°, 

1 mm) which crystallized on standing at room temperature. 

The nmr spectrum of this material displays absorption for 

ten aromatic protons in addition to a one-proton singlet 

at 6.6.70... The ir spectrum in chloroform shows a carbonyl 
peak, at 1755 ome but no absorption for cyanide in the 2100 - 
2250 cm? region. The mass spectrum shows a parent peak at 
m/e 237 with a strong peak at m/e 116 and the base peak at 


m/e 105. 


These spectra are consistent with structure 47. 
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OCH3 
I 
Be eetete(iFndc ys eg 
CN A7 48 


This compound contains two electron-withdrawing 
substituents on the carbon bearing the cyano-group and this 
could explain the absence of absorption for this function- 
ality in the ir spectrum. Compound 48 prepared in these 
laboratories” is also devoid of absorption in the 2100 - 
2200 cm + region in the ir spectrum and this compound also 


bears an electron-withdrawing substituent on the a-carbon. 


Compound 47 was also obtained when benzoyl cyanide 
was treated with sodium bis(2-methoxyethoxy) -aluminium 
hydride (Red-Al) in ether at -78° or with lithium borohydride 
in THF. Increasing the dilution of the reactants in these 
reductions and changes in the rate of addition had no effect 


on the production of this cyanoester. 


When 47 was dissolved in THF and treated with 2% 
aqueous potassium hydroxide for one hour an organic soluble 


portion and a base soluble portion were isolated. The 
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organic soluble portion shows a carbonyl band at 1705 cn! 


and two weak bands at 2820 and 2730 cm}, These peaks 

are identical with those observed in the spectrum of benz- 
aldehyde. The base soluble portion, isolated by acidifica- 
tion followed by extraction with ether, gave a colourless 
solid, the ir spectrum of which was identical with that of 
benzoicidcide Thus the ester has been hydrolysed to pro- 


duce the desired aldehyde. However this route can only give, 


at “best; ca '503-yteldvof :aldehyde: 


Treatment of 47 with a solution of 0.25 equivalents 
of lithium aluminium hydride in ether at room temperature 
gave an oil which seems to be a mixture of 47 and benzyl 
alcohol (ir, nmr). Thus benzaldehyde, formed from 47 must 


be more readily attacked by the hydride than is 47. 


When benzoyl cyanide was treated with Red-Al (0.5 
equivalents) in ether at -78° only compound 47 was isolated 
and this was isolated unchanged when treated with more 
Red-Al at -78°. When benzoyl cyanide was reacted under the 
same conditions but at -40° the reduction product showed 
peaks attributable to benzaldehyde at 2820, 2730 and 1705 
cmt in the ir spectrum (neat film). In addition there is 
strong absorption at 3400 cm + possibly due to benzyl 


alcohol. There are no peaks in the spectrum arising from 
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benzoyl cyanide or 47. Thus it seems 47 is the first 
reduction product and that this is then further reduced 
to aldehyde. The complete lack of 47 from the product 
of the reaction at -40° suggests that this compound is 
reduced to the aldehyde in preference to reduction of 
the aldehyde to alcohol. A slight excess of reducing 
agent must have been present in this reaction and if 
exactly equivalent amounts of hydride and acyl cyanide 
are present, then the aldehyde should result as the only 


product. 


Therefore the possibility of both parts of the 


reduction scheme have been demonstrated, i.e., 


R-COOH ——> RCOCN ——~ RCHO 


However, further work is necessary before the 


method could be used for the attempted synthesis of 33. 


At this time the total synthesis of (+)-luciduline 


ahd Their synthesis was 


was reported by Scott and Evans 
completed by forming rings A and B first (structure 9) 


with final closure of ring C. 
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Thus intermediate 49 was refluxed with para- 
formaldehyde in 3-methylbutan-1l-ol for 20 hours to give 
(t)-luciduline. The key step in this synthesis was. the 


oxy-Cope rearrangement of 50 to sl. 


HO iN H 0 
== 

CH,0 = ™CH3 

OCHs gma H 51 


Thus the cis-decalin system with required func- 
tionality was formed. The desired a-methyl epimer of 51 
predominated and could be isolated by recrystallization 


of the mixture from hexane. More of the desired epimer 
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was obtained by re-equilibration-crystallization of the 
mother liquors. 51 was transformed into 52 in a series 


of unexceptional steps. 


52 was treated with excess methylamine in benzene 
in.a.sealed tube at 75° for, 24 hours. It was postulated 
that this substitution reaction occurred through aminal 
intermediate 53, thus giving compound 49 with the correct 


stereochemistry at C-7 (luciduline numbering). 


At this point the similarity in structure between 
cernuine and coccinellin was a great attraction. Since 
the synthesis of luciduline had been accomplished by Evans, 
the work lost some of its urgency, and work on this project 
was suspended until the planned synthetic approach to 
coccinellin had been investigated. This latter work has 
required more time than was anticipated and the work on 


the luciduline synthesis has not been resumed. 
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Solutions were dried over anhydrous magnesium 


sulphate unless otherwise specified. 


Ry value = distance moved by compound/distance 


moved by solvent. 


Melting points were determined on a Fischer- 
Johns or Leitz-Wetzlar hot-stage melting point apparatus 


and are uncorrected. 


Microanalyses were performed by the Microana- 


lytical Laboratory of this department. 


Infrared spectra were recorded on a Perkin-Elmer 
Model 337 grating infrared spectrophotometer, a Unicam 
SP1000 grating infrared spectrophotometer, or a Perkin- 


Elmer Model 421 dual grating infrared spectrophotometer. 


Nuclear magnetic resonance spectra were measured 
using a Varian Associates Model A-60 spectrometer on ja 
Varian Model HR-100 spectrometer with tetramethylsilane 


as internal standard. 


Mass spectra were recorded on an A.E.I. Model 
MS-9 mass spectrometer or an A.E.I. Model GC/MS mass 


spectrometer with a WB separator. 
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1-Methy1-2(1H)-pyridone-5-carboxylic acid, 19 


Nicotinic acid (50 g) and dimethyl sulphate (80 m1) 
were heated together at 110° for one hour. The solution was 
cooled, diluted with water (100 ml) and washed three times 
with chloroform (20 ml). To the resulting aqueous solution 
was added 2.5N aqueous sodium hydroxide (1150 m) and, drop- 
wise. o20 aqueous potassium ferricyanide’ (870: m1) . “*The’ solu- 
tion was stirred for 2 hours following addition, then 
adjusted to pH 3.5 with dilute sulphuric acid. «The: preci- 
pitated acid was filtered and dried, then extracted with 
ether using a Soxhlet extractor to give a cream crystalline 
SOLD. (3.6. Ag gi 9S.) ali D ions Aicleectene els aaa + 58 He ee titey Fhnag 
nMY (pMso-d6)* Saar Sees. -CHz), O42) Ca ys” J =97/5Hz, 
WN =CO-CH) er 7e™ (dd ir =or a eee otizs -N-COCHS=CH™~)”, 
Fe Ae Le Fae Sz hn ee), Se Oo On more ty GOUL IT. 
mass spectrum: CoH NOz, n/fe calcd.” 155 20426: meas: 
Pros. OCLoe ys) TZSeLsy; 108 (32), ro Oy rae C2 OM ZO 
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1-Methyl-2-piperidinone-5-carboxylic acid, 21 


Pyridone acid 19 (10 g) was dissolved in acetic 


acid (250 ml) and hydrogenated at 50 psi over rhodium on 
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alumina (2 g) at room temperature for three days. The bulk 
of the catalyst was filtered (a small amount dissolved in 
the acetic acid) and the solution evaporated. The residue 
was digested with methanol, the solution filtered and 

evaporated to give a colourless solid which was recrystal- 


Q 


lized from ethylacetate-chloroform to give 21 (9.4 g, 91%) 
Nee 


map. 185,65 1 88> [1it. A fa 

: : M 2 =] 

hosel). LIS07 (C=O She ZOR(CeO)2 Cm. —%s 

eye ds). OP 229 SCs ero N-CH,), Boiee2 (Ss, 1), =COOR). 
mass spectrum: C5H,,NO., m/e calcd. 157.0739, meas. 


ES70735 (a5). 10839) ee oiitneyotl2\.. 57 (20).55(25)%, 
44(100),. 42(22). 


Reaction of lithium 1-methyl-2-piperidinone-5-carboxylate 
with vinyllithium 

a) Lithium hydride (100 mg, 0.0125 m) was suspended 
in anhydrous dioxan (10 ml). To this suspension under 
nitrogen was added lactam-acid 21 (1.57 g, 0.01 m). The 
mixture was heated under reflux for 2% hours, cooled to 10° 
and. a. solution of: vinyllithium in, THF. (4.5 ml1,, 0.012, m); was 
added. The mixture was stirred at room temperature for two 
hours then poured slowly into 5% aqueous HCi5¢( 35j).201 Ste The 
aqueous solution was saturated with sodium chloride and the 


organic phase separated. The aqueous layer was extracted 
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with ether (3 x 25 ml) and the combined organic layers were 
dried and evaporated to give a colourless semi-solid 

(0.94 g). This was digested with ether. The solid which 
remained was filtered, washed and dried and shown to be 
identical with starting material (0.23 g). The ether- 
auhiaes portion (0.63 g) was shown to be mineral oil (from 


the vinyllithium solution). 


b) Lattam-acid; Ziv{i"g) and lithium hydride (65 mg, 
one equivalent) were heated to reflux in diglyme (40 ml) 
under nitrogen for 17 hours. The cooled mixture was 
filtered and the solid washed with ether and dried to give 
the, lithium sal ti (04 98+ go° 978). 

i 


: ; i . 8 - 
EPithiuj 01)" 1630 (C=O), 1580 (-COO~) cm 


The lithium salt (0.98 g) was suspended in THF 
(20 ml) under an atmosphere of nitrogen. A solution of 
vinyllithium in THF (3.0 ml, one equivalent) was added and 
after the exothermic reaction had subsided the mixture was 
stirred at room temperature for three hours. The mixture 
was poured into 5% aqueous HCl and worked up as in a) to 
give two immiscible oils (0.92 g). The oils were separated 
by chromatography on alumina (30 g). Elution with Skelly- 
solve B produced mineral oil (0.59 g). Elution with 


chloroform produced a pale yellow oil (0.25 g) which shows 
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two spots on tle (alumina, chloroform). 
: =i 
F CCHEI 4s) 56505-35440" (OH) ; ~1735' ~(C=0) ;"1640 '(C=0) cm ~. 
ae evel.) very weak absorption at § 2.81 for the N-methyl 


group. Olefinic protons between 6 5 - 6 are present. 


Attempted syntheses of l-methyl-2-piperidinone-5-carboxylic 


acid chlonidé 325 


a) Oxalyl chloride in benzene, 5° 


Lactam-acid, 21 (628 mg, 0.004 m) was suspended in 
dry ‘benzene. (10 ml) at 5°.) Oxaly! chioride (0.7 m1, 0.008 m) 
dissolved in benzene (5 ml) was added and the solution 
stirred for one hour at 5°, then five hours at room tempera- 
ture. The mixture was filtered and the solid obtained 
washed with benzene and dried (562 mg). This was shown to 


be identical with acid 21 (ir, mass spectrum). 
by 8Oxalyl?chtoritdé ini *rethuxingebenzene 


A mixture prepared as above was heated under reflux 
for four hours, after which time the mixture was deep red. 


The cooled mixture was filtered and the filtrate evaporated 


to give a dark gum (743 mg). 
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The solid from the filtration was washed with 
benzene and dried to give a colourless solid identical 


With Starting material (1388 mg, 35%; ir, mass spectrum). 


c) Thionyl chloride 


Thionyl chloride (0.4 ml, 0.0055 m) was added to 
acid 21 (628 mg, 0.004 m). There was an immediate reaction 
and after % hour a dark gummy solid had formed. This 
material had similar spectral characteristics to the gum 


Hsorated TW" b). 


d) Thionyi’chtoride an“metnylene™chtoride 


Lactam-acid 21 (500 mg) was suspended in methylene 
chloride (Z0 ml) and thionyl chloride (0.9 ml, 1.5 equiva- 
lents) was added. The mixture was heated under reflux 
under a nitrogen atmosphere for three hours, then evaporated 
to give a yellowish solid (511 mg). 
ih 


+eenhei 53" 1795, 1660 cm 


This was taken up ether (10 ml). The solid which 
would not dissolve was removed by filtration and the filtrate 
treated with aniline (1 ml) in ether (5 ml). The solution 
was heated under reflux for & hour then washed with water 
(10 ml), 5% aqueous HCl (10 ml) then water (10 ml), dried 


and evaporated to give a dark oil (3 mg) which was not 
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investigated further. 


e) + treatment of the sodium salt of Iactam-acid 21 with 


oxalyl chloride in benzene 


Lactam-acid 21 (471 mg, 0.003 m) was stirred with 
Peele sodcan hydroxide (0.003 m) for five minutes. The 
water was evaporated and the residue dried by evaporation 
at 1 mm.overnight. (Alternatively’ the sodium salt could be 
prepared by treating a solution of the acid in dry diglyme 


with one molar equivalent of sodium hydride.) 


The sodium salt was treated with oxalyl chloride 
(I'ml) dissolved in dry benzene (15 ml). Pyridine (4 drops) 
was added and the mixture was stirred at room temperature 
for 18 hours and the dark solid was removed by filtration. 
The solution was evaporated to give a gum similar to that 


observed in b) andc). 


1-Methyl1-2(1H)-pyridone-5-carboxylic acid chloride, 26 


Acid 19 (2 g) was refluxed for three hours with 
thionyl chloride (5 ml). The excess thionyl chloride was 
evaporated to leave a colourless solid (2.2 g, 100%). 

1 


=0), 1680 (C=O F 
PEN 1760 (C=075 ( y aa 


250 mg acid chloride 26 was converted into the 


anilide, which was recrystallized from chloroform, 
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WaGhGCH=)i, F50Pe Oa rGn wee ADH) S08 (dd, 1, J=9.5Hz, 
OR= 25H i, 8.53.8! UP y= 2y. Stizys N-CH=))». 

mass spectrum: m/e 228(68) 13713), 136(100), 108(8), 
EZ Pee DSi 2 ey OU), 7906), 77 (6), 68(6), 66°09), 6509), 
SCS + P42 (C2), SI EL 79>. 

Anal’. Calicd’.) £or C1 3H,,N,0,: Grp osn aco H. (52203 Ne 12 28. 
Poundes. 8-560: 54; HS: 38); N,#/12'.01. 


s-Acety.l-l<méethyl-2 (An) py ridone, 27. 


Cuprous iodide (1.15 g, 0.006 m) was suspended 
in dry THF (15 ml) at 0° under a nitrogen atmosphere and 
aisolutiow of methy Pirchaimenr'e the nr 3( 252M PS my 00g m) 
was added. The dark solution was stirred for 10 minutes 
and then cooled to -78°. Acid chloride (347 mg, 0.002 m) 
was dissolved in dry THF (10 ml) and added dropwise to 
the solution. The mixture vals stirred ‘for 30 minutes at 
-78° and quenched with methanol (5 ml). The mixture was 
allowed to warm to room temperature and then partitioned 
between water (20 ml) and chloroform (30 ml). The aqueous 
layer was extracted with CHC1, (2 x 15 ml) and the combined 


organic solution was washed with water (15 ml), dilute 
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sodium bicarbonate (15 ml), water (15 ml), brine (2 x 15 ml) 
dried and evaporated to give crude solid (240 mg, 80%). 

This was recrystallized from benzene, m.p. 163.5 - 165°. 

Hf 


*F (CHC1,)' 1700) (C20). 42466.7.5—6C=0)° cm 


nmr 6' «2 44 Tiss. wh: ~CH,), Bi onr (se, Sf, N-CHZ), 


ECUGT »).! 
Oeioow da. 1, J=9.5Hz) car Sel eaddte 5 J=9. SHz. wi’ =2). SHz)s% 
Gere, th, J=2.,.5Hzi) . 
mass spectrum: , m/e 151 Gaps db748 ye) 136 (100) 08:14), 
95.020), -80(7) , -43(12)) Agel sde 
Amal. Caled. for CoH NO.: Ce 62586. Hs, - Se 9037 Nie 9.27. 

Found :t2Cp7650606 Henor O04gaN, 1°94 17% 


Reauction oe 5-acety!-)-methyl-2tith)=pyridone, 27. 


Keto-lactam 27 (115 mg) was dissolved in absolute 
ethanol (20 ml) and hydrogenated at 35 psi over Rh-A1,0, 
(30 mg) for four days. The catalyst was removed by 


filtration and the ethanol evaporated to give a colourless 


Of Gl .6..ms') 


) ea 
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Thisjeileissanparently.a 2:7 mixture of 28:30. 


(by nmr). 
Attempted oxidation of 28 and 30 


Hydrogenation mixture, 28 and 30, (116 mg) was 
dissolved in methylene chloride (5 ml) and water (5 ml) 
added. To this was added a standard solution of sodium 
dichromate insulphuric acid (0.39 ml). The two-phase 
system was stirred at room temperature for two hours. 
After this time there was no change in colour of the 
sodium dichromate. The layers were separated, the aqueous 
phase washed with methylene chloride and the combined 
organic solution washed with dilute sodium bicarbonate 
(S ml), dried and evaporated to give a dark oil (30 mg). 
Tles (alunina,; chloroform) of.thas oi1 shows a streak along 


the length of plate. 


Attempted reaction of 27 with dimethyl (methylene) ammonium 
20 


iodide 


Keto-lactam 27 (100 mg) was dissolved in dry THF 
(10 ml) and was treated with dimethyl (methylene) ammonium 
jodide (137 mg) and triethylamine (10 drops). The mixture 
was stirred at room temperature for 24 hours. The mixture 


was filtered and the filtrate evaporated to give a solid 
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Material (9o meg) adenticaw with 27 (ir, tic). 
Ethyl 1-methyl-2-piperidinone-5-carboxylate 


Acid 21 (3.1 g) was dissolved in absolute ethanol 
(25 ml) and concentrated sulphuric acid (1.5 ml) added. 
The solution was heated under reflux for ten hours. The 
cooled solution was partitioned between water (25 ml) and 
chloroform (25 ml). The aqueous solution was extracted 
with chloroform (2 x 25 ml) and the combined organic solu- 
tion washed with dilute sodium bicarbonate solution (25 ml), 
brine (25 ml) and dried. Evaporation of, the solvent gave a 


eclourless oi),)( 2.69 0. 2/3) enp 7p. 6198 2219505 Jim, 


: z fi 
it (neat): 1740 (C=O), 1650 (C-0) cm. 

am (¢n¢1,) 6 1.28 (t, 3) Sas ieOCH CH. \,°2.97 a(S, 3, 
N°CHJ, 4.20 (q, 2, J=7Hz, OCH,CH,). 


mass spectrum: CoH,,NO., m/@_calcd. »185,1052. meas, 
7851052151 15 ol 400 cole LeU elo tbl wice (eae Pa C280. 
PiS(8) 5 112075) sell liebi, 1Giai OG). SOL 16). oe 16k 84058), 
SAGLO). .o2C1), an Gee, 68(17), SUG late Lh aO eo L LO 
Berna). 54(9). Saeed, 45(12), 44(100), 43(11), 42(52), 
Atri ev o9 G9). 
Wiel. Calcd... Lor CgH,NO,: eo oO © eet LG a a ee 
Found: C, 58.30; H, 8.42; N, 7.60. 
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Reduction of ethyl 1-methyl-2-piperidinone-5-carboxylate 


with diisobutylaluminium hydride (DIBAL) 


The ester (190 mg) was dissolved in dry benzene 
(10 ml) under a nitrogen atmosphere and the solution cooled 
fos. 1 To this was added 25% DIBAL in benzene (1 ml, one 
Eqivalent} and the Solue tonvsti red 7OT ONG Nour, cle 
solution was quenched with saturated aqueous ammonium 
chloride and the aqueous layer extracted with chloroform 
(2 x 15 ml). The combined organic solution was dried and 
evaporated to give an orange-brown oil (70 mg) showing at 
least four compounds by tlc (alumina, chloroform). 
Mga eae very weak singlet at 6 2.95 (the N-methyl 
group). 


Phenyl 1-methy)-Z2-piperidinone-5>carboxy late y°36 


Lactam acid 21 (1.57 ¢g, 0.01 m), phenol (0.94 g¢, 
0.01 m) and phosphoryl chloride (0.46 ml, 0.005 m) were 
heated on an oil-bath to 120° for one poy Benzene 
(20 ml) was added and the mixture stirred and heated under 
reflux for one hour. The benzene solution was decanted 
from the dull yellow gum, the gum was washed with more 


benzene and the combined fractions evaporated to give a 


colourless ‘o1l (1s es); 
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The residual gum was digested with methylene 
chloride in a similar manner and a further 610 mg oil was 
obtained, which by tlc (alumina, chloroform) was a single 
spot identical with the former product. Total yield: 
Parco, 74%. 

7 


i ae 1760) (G20), 12650 (C=0) cn 


nmr S305 Soe -NCH,), TOs eo (M4. D5) ATH is 


(cncl,). 
mass spectrum: C, 3H, .NO., Wuewcaled. 233.1052, meas. 
$35.10613,(22),, @89015).1 1 Oo 84955) >, 112(90), 

O57). SF 0100) . S4022). sean ty oo (12). .55(71), 44(95), 


Aes, S913). 


Attempted reduction of 36 with lithium tri-t-butoxy- 


aluminium hydride (LTBA) 


Phenyl ester 56) (1.11) ¢) was dissolved in dry 
THF (8 ml) under a nitrogen atmosphere. The solution was 
cooled to,0° and. a solution of TITBA in THE (0..8M, 6.3 ml, 
one molar equivalent) was added dropwise. The solution 
was stirred for one hour then worked up as previously 
Bebe ribea-et The oil so produced (916 mg) was identical 


With Starting material far bic). 
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1-Methyl-2(1H)-pyridone-5-carbaldehyde, 39 


Acid chteride 26 (10 g) was-dissolved in freshly 
distilled toluene (500 ml) and 5% palladium on barium 
sulphate (1.2 g) added. The stirred mixture was heated 
under reflux, while hydrogen gas was passed through it, 
for 20 hours. The mixture was filtered and the golden 
solution was evaporated to give a pale yellow solid (7.2 g, 
90%) which was recyrstallized from Skellysolve B-benzene 
Mer. US = 124. 

1 


ee Gch, Cl.) 1700 (shoulder C=0)!,*°1675 *(C=0)’,, 1630.*(C=C) cm 


nmr SSO 7 CS Fe, N-CH,), Se ed, 1, J=9.5Hz, 


(CDC1,) 
NECO-CH™)), 7. SO "(ddl ge pus riz, Pee. Shee f (CO=CHaCH SS 
B.00 40,01, J=2.5Hz, Neue oOo (Cs Lek CHO). 

mass spectrum: C5HNO,, m/e caled. 137.0477, meas. 
PareUvroLlu0), Looclo), .ucter) sos lo)y of Clo, COtal 
42(13) , 39.C5FO) « 

Aiar. ‘Gale. -ror C5H5NO,: OP GILAF1 AH, M1 Ps INP -VO2 2) 
Found: GP*OPPess AP 796 77Ny CLOREE 


S-[2-(5,5-dimethyl-1,3-dioxanyl) ]-1-methyl-2(1H)-pyridone 


Aldehyde 39 (137 mg), 2,2-dimethyl-1,3-propane- 
diol (104 mg) and p-toluenesulphonic acid (20 mg) were 
dissolved in benzene (20 ml) and allowed to reflux under 


a Dean-Stark trap for six hours. Solid sodium carbonate 
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was added to the cooled solution and after stirring for 
five minutes the mixture was filtered and the filtrate 
evaporated to give a colourless solid (208 mg, 93%) which 
Was wecrystal lized from Skelly solve; B-benzene, m.p.ehZ22 - 
ics. 

T(CHC1,): 1680 (C=0), 1620, 1610 (C=C), 1100 (c-0) cm, 
ae@SDCL,,), SMrONey Seteseeo, ~CH,), feo Ss Ss -CH,), So 
‘ecereee -NCH,), SOS Con ae -CH,0), Sa kr, Choacetal):, 
Gro0. (d, BP VRTOSSHZ Arie Pacer) 2P2- Avi) 

Mass spectrums” m/e 225097 Peeler ys FSoCls yy 137 CkOGF, 
ASO'CZ SY), VOD CROP H 108 (7 OZ CRO)ER 41 CL) « 

Anal PiCalcd.. for C-SH AONO PY O64 Po7: At 7862 SN, 6 F282 


aan Ws 
Pound. (C..1647 59-711," 7.81.2 (N62 46. 


5-(2-(5,5-dimethyl=-1, 3-dioxanyl))- -methyl-2=piperidinone “40 


The pyridone-acetal (500 mg) was dissolved in 98% 
ethanol (25 ml) and sodium nitrite (25 mg) dissolved in 
water (0.5 ml) was added. The solution was hydrogenated 
over 5% rhodium on charcoal (100 me) at. 40 psi for 36 hours. 
The catalyst was removed by filtration and the ethanol 


evaporated to give a viscous oil (482 mg). 
: ’ : =i 
If (neat) ’ 1650 (C20) "ena. 


; F 5 eee Le ioc PAR Ih’ 
ta eepcL, S20 SiS. fs 45 CH,) (s Hz), 


EAS -NCH;), Aveo (Ges, O54. 52, CH acetal): 
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mass spectrum: C,2H,,NO., 


P27 552 (48), 19S(9). T7l(i4 yy 1 56(5), 141 (ey), 14011), 


mie calcd. 227.1521, meas. 


127 (60); 126(8), 124147, AZ5tt7). TES (20). 8609) S8St1S) = 
84(9), 69(55), 57(23), 56(20), 55(16), 45(18), 44(100), 
WeCIT)  42(29), 41 (32) SOTO). 


Attempted reaction,of the ,N-imidazolide of,1-methyl-2- 


piperidinone-5S-carboxylic acid with LTBA 


Imidazote (S10 me.) 0012 mm) was dissolved in dry 
THE*€P07ml) under nitrogen”and thionyl chloride (0.22 ml, 
0.003 m) was added. To this mixture was added acid 21 
(471 mg, 0:003-m) and the mixture was stirred for ¥% hour 


at room temperature. 


The mixture was filtered in a nitrogen atmosphere 
and a solution of LTBA in THF (0.8M, 7 ml, 0.006 m) was 
added. The solution was stirred for one hour and 40% 
aqueous HCl (2 ml) was added. The mixture was separated 
and the aqueous solution extracted with chloroform (2 x 10 ml). 
The combined organic solution was washed with water (10 ml), 
dried and evaporated to give a yellow solid (310 mg) which 


was identical,(ir,,pmr) with starting acid. 
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Ethylthio 1-methyl-2-piperidinone-5-carboxylate 43 


The imidazolide was prepared from acid 21 (942 mg) 
as above. The mixture was treated with the sodium salt of 
ethanethiol (504 mg, 1 equivalent) and the mixture was 
stirred oe one hour then filtered... The filtrate was. evap- 
orated to give an oil (1.14 g) which was chromatographed on 
alumina. Elution with benzene produced a mobile oil (480 mg, 
a0) bu. 245.9% .250.%% Gann, 

1 


it (meat): 1680 (C=0), 1645 (C=O) cm 


nmr 6. 1.275 Gt, 235. Je7Hae -SCH,CH,), 2.96 Cawwe2, 


éCDC}..) ' 
J=7Hz, ~SCH,CH,) , 2 sO 8inle. 5 -NCH,). 

mass spectrum: CoH, .NO,*°S, m/e calcd. 201.0824, meas. 
201. 08.31 (1.0) 4 l:7 2 GL2) +55 14 Ode peak SOD 11 e600) ,. claldsG62)., 
SEB len See eeu? 0 CLS yun 9D Wlales 68 (12), 60° 705075008 ee SEGLO) , 
SOLD) ootle ys DA (8) 5. 5344 5 PAs es ees eyed 20) 4 42 (15), 


ACCS St OLS) 
1-Methyl-2-piperidinone-5-carbaldehyde, 33 


Raney Nickel W2 (approx. 5 g) was washed five times 


Wilh acetone (10 mij, and then heated under reflux in acetone 


(20 mi) for two. hours. 


Thiolester 43 (500 mg) was dissolved in acetone 


water (20 ml 1:1) and added to the catalyst. The mixture 
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was heated under reflux for one hour, cooled, and the 
catalyst removed by filtration. The filtrate’ was evap- 
orated to approximately 20 ml and this was extracted with 
chloroform (3 x 15 ml). The combined extracts were dried 
and evaporated to give an oil (245 mg) which was chroma- 
tographed over alumina (20 g). Elution with benzene gave 
a mobile oil (165 mg) which was identical with starting 
matezial (tle; irye EPution with benzene-ether (1:3) 
gave a more polar oil (54 mg). 
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iT (cHCL yi 1735 (C=0) 5 640020) cn 
3 


Beene. y SP Le DE OIT2 CSS Si -NCHZ), OD I0 OS WP CHO). 
mass spectrum: CoH, ,NO,, m/e calcd. 141.0790, meas. 
ais. 07 FSCO) POC) PS CZ, ZAG 095" 1 T1665 49 HE7 95, 
SS: PSS 45) 842). 7OCZS Peres 550s) ," Ss C10)’, 


SGGL0), S575), 44000) ,4s G4 240) , 41 (18), -39(16). 
Tetrabutylammonium cyanide (Bu, NCN) 


A Dowex-1X8 anion exchange column was washed with 
15% aqueous sodium cyanide (3 x 200 ml) and then the 
column was rinsed repeatedly with water until the washings 


contained no cyanide ion. 


Tetrabutylammonium iodide (20 g) was dissolved in 
water (400 ml) and was eluted through the column, which was 


then further eluted with water (300 ml). The combined water 
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solution (700 ml) was evaporated to give a semi-solid mass. 
This was dissolved in acetonitrile and the solution dried 
and evaporated. The resulting syrup was digested with ben- 
zene (100 m1) and then the solvent evaporated. The syrup 
was evaporated at 1 mm.for 24 hours and a brownish solid 
Waeeibeaivieas The solid was recrystallized from ethyl 
acetate to produce Bu, NCN (on Sig) as needles. 

1 


aisle 2080 (C=N) cm 


Benzoyl cyanide 


Benzoyl chloride (24 ml, 0.2 m) and cuprous cyanide 
(22 g, 0.24 m) were heated on an oil bath at 215° for 1% 
hours. At 15 minutes intervals during this time the flask 
was swirled vigorously. The reaction mixture was distilled 
atolséve L95feto giveia colourlesshorls 
1 


iTtneat): 2205 (C=N), 1780 (C=0), 1680 (C=0) cm 


The distillate was dissolved in benzene (100 ml) 
and stirred with 1% aqueous HC1’ (50 ml) for 24 hours. The 
benzene solution was dried and evaporated. The residue was 
distilted at 64 -.72°, 2 mum. to give benzoyl cyanide (11-6 9, 
45%). 
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Attempted syntheses of benzoyl cyanide directly from 


benzoic acid 
a) via an acyloxyphosphonium salt and Bu, NCN 


Triphenylphosphine Cl $5i+*9? "0 7005 m)* was) dissolved 
in dry THE “(15 ml)-and carbon tetrachloride "¢5 ml) ‘and*the 
Solucron heated under reflux for 30. miniites +" Thée’solution 
Was cooled to 0° and benzoic acid(0 -S6''p ©°0.005 m) was 
added. The solution was allowed to stand for 30 minutes 


ate00. (bUeNGN Gi 4 oP 0 00Sem mwas added-and™ the’ mixture 


4 
stirred and heated under reflux in a dry atmosphere for 

one hour.. *ihey resulting solution was evaporated to give 

an olive-green syrup which was digested for % hour with 
ether. The mixture was filtered and the filtrate evaporated 
tole rye ta ‘green solid 4L.o) Fe lhewir Spectrum “of this 
material (chloroform) shows no absorption at 2205 or 


vesovcn et 


b) via an anhydride and tetramethylammonium cyanide (Me , NCN) 


Benzoic acid (0.56 g, 0.005 m) was dissolved in dry 
acetonitrile (10 ml) and pyridine (0.4 ml, 0.005 m) was 
added. The solution was treated with p-toluenesulphonyl 
chloride (0.96 g, 0.005 m) and heated under reflux in a 


nitrogen atmosphere for % hour. A slurry of Me ,NCN 
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Cla s6.5.°0 01 jm). sim aoetonatrile (25 m1) wasnadded, and, the 
mixtune. was heated under reflux, for 3% hours... The cooled 
mixture was poured into water (25 ml) then extracted with 
ether (2 x 50 ml). The combined organic solution was washed 
consecutively with water, 10% aqueous HCl, water, dilute 
sodium bicarbonate, water (25 ml each), dried and evaporated 
to give a.dark oil (412 so); a She, inn spectrum(meat,), ofthis 
0il displays absorption at 2205 and 1680 cmt, 

c) via reaction of a mixed anhydride with tetraethylammonium 


cyanide (Et ,NCN) 


Benzoic, acid.,(0..56.10,740..005. m). was, dissolwed, in 
dry. .acetonitrile (15 ml) sand. triethylamine. .(0.7 m1, ,0..005. m) 
was added. This solution was cooled to -5° under nitrogen 
and, ethyl, chloroacetate (0.4. mL, 0 -005 mm) in, acetonitrile 
(5. mi) was. added. The: mixture was stirred for 15 minutes 


at -5° then Bty,NCN-.(0: 78, 0.005 m) in acetonitrile (20° ml) 


4 
was added dropwise over ten minutes. The solution was 
allowed to warm to room temperature and was stirred for 


18 hours. 


The solution was diluted with 5% aqueous HCl 
(10 ml) and ether (50 ml). The aqueous fraction was 


extracted with ether (10 ml) and the combined ethereal 
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solution was washed with dilute sodium bicarbonate (10 ml) 
and water (10 ml), dried and evaporated to give an oil 
which displays no absorption at 1680 cm)+ in the ir 


spectrum (chloroform). 
a-Cyanobenzyl benzoate, 47 


To sodium borohydride (0.095 g, 0.0025m) in dry 
dimethoxyethane (10 ml) was added a solution of benzoyl 
cyanide (0.66,¢g, 0.005 m),in dimethoxyethanei (10 ml). The 
MIXCULre Was stirred at room temperature for 15 minutes, 
then poured into 10% aqueous HCl (30 ml). The aqueous 
layer was extracted with ether (30 ml) and the combined 
organic solution was dried and evaporated to give a colour- 
less ol) (0»7)..¢) which was distilled, b.p. 164 - 166°, 


1 mm. The distillate crystallized on standing at room 


temperature. 
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mass spectrum: C,,H,,NO,, m/e calcd. 237.0790, meas. 
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Reaction of cyanoester 47 with 2% aqueous potassium 


hydroxide 


Cyanoester 47 (307 mg) was dissolved in THF (10 ml) 
and heated under reflux with 2% aqueous potassium hydroxide 
for 1% hours. The aqueous fraction was extracted with ether 
(10 ml) and the combined organic solution was washed with 
water (5 ml) and brine (10 ml), dried and evaporated to give 
an oil (108 mg). 

1 


iT (neat): 2820, 2730 (CHO), 1705 (C=0) cm 


The aqueous solution was acidified and extracted 
as above to give a colourless solid (136 mg). 
1 


ir 700" (C=0)- Cm) 
(CHC1,) 


Reaction of benzoyl cyanide with sodium bis(2-methoxyethoxy) - 


aluminium hydride (Red-Al) 


Benzoyl cyanide (330 mg, 0.0025 m) was dissolved 
in ether (20 ml) and cooled to approximately -40°. A solu- 
tion of Red-Al (approx. 7% in benzene-ether, 3 ml, 0.00125 m) 
was added. After stirring for one hour at -40°, 1% aqueous 
HCl (10 ml) was added and the mixture allowed to warm to 
room temperature. The aqueous fraction was extracted with 
ether (2 x 10 ml) and the combined ethereal solution was 


washed with water (10 ml), dried and evaporated to give a 
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